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His  years  of  study  are 

never  finished. .  .for 
the  practice  of 

medicine  is  one  of 
constant  change . . .  and 

every  change  is  for 
the  better. .  .for  you! 


SEVEN  long  years  lie  studied 
before  those  respected  ini- 
tials "M.D."  were  affixed  to 
his  name.  And  that  was  only 
the  beginning! 

For  every  day  brings  dis- 
coveryin  the  field  of  medicine. 
New  methods  of  treatment, 
of  protecting  and  prolonging 
life.  All  these  the  doctor  must 
know  to  fulfill  his  obligation 
to  you  ...  to  mankind.  That's 
being  a  doctor! 


:^:^^  More  Doctors  smoke  Camels 

s.r^:  THAN  ANY  OTHER  CIGARETTE 


•  "What  cigarette  do  you  smoke.  Doctor?" 
That  was  the  gist  of  the  question  put  to  113,597 

doctors  from  coast  to  coast  in  a  recent  survey  by 

three  independent  research  groups. 

More  doctors  named  Camels  than  any  other 

cigarette. 

If  you're  a  Camel  smoker,  this  definite  prefer- 
ence for  Camels  among  physicians  will  not  sur- 
prise you.  If  not,  then  by  all  means  try  Camels. 
Try  them  for  taste  ...  for  your  throat.  That's  the 
"T-Zone"  test  (srr  r'f^lit ). 


Camels 


Cost/ier  Tobaccos 


Your  "T-Zone"  Will  Tell  You 

Tlie"T-Z,ine"-T  lor 
taste  andTfortliroat 
—is  5'our  own  pio\  - 
ing  ground  for  an^ 
cigarette.  For  only 
your  taste  and  your 
throat  can  decide 
which  cigarette  tastes 
best  to  you, . .  .  and 
how  it  affects 
your  throat. 


CAREER  IN  PLASTICS 


The  Story  of 

JIM  PYLE 


In  1935  Jim  Pyle  received  his  B.A. 
degree  in  chemistry  from  the  Univer- 
sity of  British  Columbia  .   .   . 

In  1943  he  was  appointed  director 
of  the  General  Electric  Plastics  Lab- 
oratories .   .   . 

Eight  years  to  travel  from  college 
senior  to  leadership  in  the  laboratories 
of  the  world's  largest  plastics  molder 
— the  record  suggests  that  perhaps  Jim 
has  found  in  his  test  tubes  some  secret 
formula  for  success. 

Jim's  friends  say,  however,  that  the 
secret  is  merely  a  compound  of  two 
very  simple  elements:  he  was  well 
prepared  before  he  came  to  G.E.,  and 
he  has  worked  energetically  and  im- 
aginatively since  accepting  his  G-E 
assignment. 

For  the  college  student  interested 
in    plastics,    Jim    recommends    as    a 
preparation  "a  solid  grounding  in  the 
fundamentals    of    chemistry,    physics 
and    mathematics."    His    preparation 
for  research  comprised  two  years  in 
biochemistry,  two  more  years  in  syn- 
thetic organic  chemistry  and  a  final 
year  in   the  chemistry  of   lignin.   In 
1939  his  lignin  studies  earned  him  a 
Pti.D.  from  McGill  University. 
At  G.E.  Jim  found  that  the  Com- 
j,  pany's  processing  of  resins  could  be 
^-''  improved   and   improved  it.   He  was 
placed   in   charge   of  development   of 
~    laminated  plastics — and  worked  out  a 
*«  new  line  in  less  than  a  year.  He  helped 
develop    new    tvpes    of   plastics    ma- 
terials, new  chemical  products,   syn- 
thetic  fibers,   svnthetic   rubbers,   and 
ion  e.xchange  resins — each  of  them  a 
milestone  of  his  career  in  plastics. 

Next  to  schools  and  the  U.S.  gov- 
ernment, General  Electric  is  the 
foremost  employer  of  college  engi- 
neering graduates. 


In  his  college  laboratory  Jim  investigated 
vitamins,  hormones,  and  enzymes,  graduated 
with  first-class  honors  in  chemistry. 


At  his  first  job  with  G.E.,  Jim  worked  in  factory 
development  to  gain  a  clearer  understanding 
of  plastics  manufacture. 


One  of  the  3,000  war  jobs  he  helped  G.E.' 
Plastics  Divisions  turn  out  was  a  rocket  launcher 
used     by    AAF    fighter    pilots    to     blast    Naz 


Appointed  director  of  G-E  Plastics  Laboratories 
at  29,  Jim  guides  G-E  research  today  in 
producing  more  useful,  more  beautiful  plastics 
products  for  the  home. 
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IfOU 


Wilbur    Wright 
1867-1912 


THE  WRIGHT   BROTHERS 


Orville   Wright 
1871- 


The  Wright  Brothers  were  co-workers  in  the  finest     careful  study,  endless  experimentation  and  repeated 
sense   of   the   word,   engaging    in    research   work  and      disappointments. 

study  of  every  scientific  phase  of  airplane  construe-      gut  theirs  was  a  spirit  that  persisted   through   time 

and  discouragement,  a  spirit  that  carried  them  on  to 
Their  success  came  when  they  made  their  first  flight  repeated  efforts  and  hence  to  realization  of  that  long 
forty-three  years  ago  on   December   17,    1903,  after      cherished  dream. 


CRONAME  INCORPORATED 


CHICAGO,  ILLINOIS 
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John  J.  Ahern  is  Professor  of  Fire  Pro- 
tection and  Safety  Engineering  and  Di- 
rector of  the  Department.  A  graduate  of 
the  Institute,  he  has  had  field  experience 
with  the  Michigan  Inspection  Bureau  and 
with  the  Insurance  Company  of  North 
America.  For  three  years  during  the  war 
he  was  with  the  Safety  and  Security  Divi- 
sion of  the  Office  of  the  Chief  of  Ord- 
nance, serving  as  chief  of  the  training 
unit  and  head  of  the  industrial  safety 
unit.  As  a  part  of  this  work  he  compiled 
an  industrial  safely  manual  for  the  Army 
Ordnance  Department.  During  the  past 
school  year  he  was  Director  of  the  Insti- 
tute's Department  of  Safety  Engineering, 
which  has  now  been  merged  with  the  De- 
partment of  Fire  Protection  Engineering. 
In  addition  to  consulting  practice.  Pro- 
fessor Ahern  has  been  active  in  committee 
work  for  the  Western  Society  of  Engi- 
neers, the  National  Fire  Protection  Asso- 
ciation, and  the  Chicago  Association  of 
Commerce;  he  was  a  member  of  the  may- 
or's committee  which  investigated  the 
Hotel  LaSalle  fire.  The  article,  "Outstand- 
ing Fire  Causes  and  Lessons  They  Teach", 
is  based  upon  an  address  delivered  October 
10,  1946,  before  the  National  Safety 
Congress. 

Henry  P.  Dutton  is  Professor  of  In- 
dustrial Engineering  and  Director  of  the 
Department.  He  attended  Hope  College 
and  the  University  of  Michigan,  and  has 
the  degree  of  B.E.E.  from  the  latter 
school.  Professor  Dutton  has  had  many 
years  of  experience  on  the  faculties  of 
Northwestern  University  and  Illinois  In- 
stitute of  Technology,  teaching  courses  in 
economics,  factory  management,  and  in- 
dustrial engineering.  He  has  been  engaged 
in  industry  and  as  a  consultant;  is  the  au- 
thor of  three  books  on  organization  and 
management;  and  has  done  much  editorial 
work  on  technical  periodicals.  He  is  a 
member  of  many  societies  concerned  with 
his  professional  field. 

Wade  E.  Griswold  is  the  Executive 
Director  of  the  Lithographic  Technical 
Foundation.  He  graduated  from  the  U.  S. 
Naval  Academy  and  saw  service  on  bat- 
tleships and  as  commanding  officer  of  a 
submarine.  He  resigned  to  prepare  for  a 
career  in  the  graphic  arts.  His  post-grad- 
uate work  was  at  the  University  of  Cali- 
fornia and  the  Columbia  School  of  Jour- 
nalism. His  experience  in  merchandising, 
which  includes  the  graphic  arts  and  all 
that  economically  justifies  ink-on-paper, 
has  been  comprehensive.  From  survey  of 
consumer  and  trade  opinion  and  demand, 
organization  of  large  scale  direct  and  in- 
direct advertising,  public  relations,  to 
management  and  technical  and  research 
aspects  of  the  printing  processes,  he  has 
See  COJSTRIBVTORS  on  page  4 
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Roebling  produces  every  maior  type  of  wire  and 
wire  proouct ...  toaster  cord  to  telephone  cable  .  .  . 
cable  to  wire  rope  .  .  .  fine  filter  cloth  to 
heavy  grading  scieen  .  . .  strip  steel  and  flat  wire  tO 
round  and  shaped  wire  ...  all  Roebling  products.  A// 
the  result  of  over  100  years  of  wire  specialization. 
John  A.  Roebling's  Sons  Company,  Trenton  2,  N.  J. 
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ROEBLING 


PACEMAKER      IN      WIRE      PRODUCTS 

WIRE  ROPE  AND  STRAND  •  FinlNGS  •  SLINGS  •  AIRCORD,  AIRCORD  TERMINALS  AND  AIR  CONTROLS 
SUSPENSION  BRIDGES  AND  CABLES  •  AERIAL  WIRE  ROPE  SYSTEMS  •  SKI  LIFTS  •  ELECTRICAL  WIRE 
AND  CABLE  .  HARD,  ANNEALED  OR  TEMPERED  HIGH  AND  LOW  CARBON  FINE  AND  SPECIALTY 
WIRE.  PUT  WIRE,  COLD  ROLLED  STRIP  AND  COLO  ROLLED  SPRING  STEEL  •  LAWN  MOWERS 
SCREEN,  HARDWARE  AND  INDUSTRIAL  WIRE  CLOTH 


CONTRIBUTORS 

since  192  5  directly  contributed  to  the  ex- 
pansion of  the  printing  industry.  He  has 
developed  several  printing  techniques  and 
procedures.  His  professional  connections 
include:  Alco-Gravure  and  Publishing 
Corporation;  Young  and  Rubicam;  parti- 
cipation in  the  technical  organization  and 
development  of  This  Week  magazine  and 
ten  other  consumer  and  dealer-consumer 
magazines;  general  manager  of  his  own 
printing  and  publishing  organization,  em- 
ploying letterpress,  gravure  and  lithogra- 
phy; war  advertising  council;  and  indus- 
try cooperatives,  including  during  the 
past  two  years  reorganization  of  the  Lith-  . 
©graphic  Technical  Foundation. 

John  Day  Larkin  is  Dean  of  Liberal 
Studies  and  Professor  of  Political  Science. 
A  graduate  of  the  University  of  Chicago 
and  of  Harvard  University,  he  has  been  at 
IIT  continuously  since  1937,  except  dur- 
ing the  academic  year  1944-45,  when  he 
was  on  leave  and  served  as  Vice-Chairman 
of  the  Sixth  Regional  War  Labor  Board. 
He  is  author  of  two  books:  The  Presidents. 
Control  of  the  Tariff;  and  Trade  Agree- 
iiieiits,  A  Study  in  Democratic  Methods. 
He  has  also  arbitrated  numerous  labor  dis- 
putes in  the  Chicago  area. 

Milton  E.  Nelson  is  Chairman  of  Chem- 
istry and  Chemical  Engineering  Research 
at  the  Armour  Research  Foundation  of 
Illinois  Institute  of  Technology.  In  his 
undergraduate  work  at  Utah  State  Col- 
lege his  major  subject  was  biochemistry. 
His  graduate  work  was  in  bacteriology  at 
Iowa  State  College  where  he  received  the 
M.S.  and  Ph.  D.  degrees.  He  has  held  a 
Rockefeller  Fellowship. 

Robert  C.  Peterson  is  Associate  Profes- 
sor of  Safety  Engineering.  A  graduate  of 
the  Institute  with  a  bachelor's  degree  in 
chemical  engineering,  he  has  worked  as  a 
chemical  engineer  for  Eastman  Kodak 
Company  and  as  a  safety  engineer  for  an 
insurance  company  and  an  industrial  asso- 
ciation. During  the  latter  part  of  his  three 
and  one-half  years  in  the  Navy  he  was  on 
duty  as  District  Safety  Officer  of  the 
Ninth  Naval  District,  and  as  assistant  to 
the  Inspector  of  Explosive  Activities. 

John  T.  Rettaliata  is  Professor  of  Me- 
chanical Engineering  and  Director  of  the 
Department.  He  has  the  degrees  of  B.E. 
and  D.Eng.  from  Johns  Hopkins  Univer- 
sity. A  major  part  of  his  engineering  work 
has  been  with  steam  and  gas  turbines,  and 
before  joining  the  Institute  faculty  in 
1945  he  was  manager  of  the  Research  and 
Gas  Turbine  Development  Division  of  the 
Steam  Turbine  Department  of  Allis-Chal- 
niers.  Dr.  Rettaliata  has  published  many 
articles.    He    received    the   ASME    Junior 

See  COI^TRl  nil  TORS  oti  page  38 


ILLINOIS  TECH  ENGINEER 


n  orhinfi.  in  a  Dnw  physical  research  iabnratnry.  this  youafi 
man   is    operating   a    machine   to   lent   plastic   materials. 


Plastics— a  growing  field  for  the  young  technician 


Interesl  in  the  use  of  plastics  grows  apace.  Products  in  great 
variety  for  the  revived  consinner's  niarliet  show  their  influence 
— their  special  utilitarian  value — their  ready  adaptability 
to  ideas  in  design — their  distinctive  beauty. 

Plastic  materials  are  custom  made  in  the  laboratory  for  modern 
living.  Dow  chemists  have  developed  many  new  plastics 
among  which  is  Styron,  a  material  that  rose  to  a  leading  place 
during  the  war  years.  It  is  a  remarkable  combination  of 
brilliant  beauty  and  properties  of  a  strictly  utilitarian  nature. 
Today,  Styron  is  in  demand  for  products  that  range  from 
toys  and  costume  jewelry  to  batteries  and  automobile  parts. 
Many  top-rate  refrigerator  makers  use  it  in  ice  compartment 
doors,  shelves  and  other  parts. 

Other  Dow  plastics  are:  Saran  for  colorful  fabrics  that  can 
be  cleaned  with  a  damp  cloth,  non-rusting  window  screen  or 
corrosion-resistant  pipe  and  tubing;  Saran  Film  and  Ethocel 
Sheeting  for  better  packaging;  and  Ethocel  for  durable  molded 
products. 

Development,  testing  and  production  of  these  plastic  materials 
are  carried  on  by  technical  men  with  special  training.  It  is 
a  great  and  growing  field  for  young  men  who  can  turn  their 
college  training  in  this  direction. 

THE  DOW  CHEMICAL  COMPANY,  MIDLAND,  MICHIGAN 

New  York     •    Boslon     •    Philadelphia     •    Washington     •     Cleveland     •     Detroit 


IDOVSF 


CHEMICALS    INDISPENSABLE 
TO   INDUSTRY  AND   AGRICULTURE 
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REPUBLIC      VA   L  V   E    S        REPUBLIC 


REGULATING- PRESSURE  REDUCING -SHUTOFF 


CYLINDER  OPERATED 

Republic  cylinder  operated  valves  are 
ot  the  gradual  opening,  high  lift,  double 
seated  type.  They  are  hydraulicly  oper- 
ated to  assure  smooth  performance  at 
any  speed  regardless  of  size,  static  press- 
sure  or  pressure  reduction.  These  valves 
are  available  in  sizes  from  3"  to  24", 
with  or  without  hand  operating  wheel. 
Due  to  compact  design,  a  regulator  may 
be  mounted  directly  on  the  valve. 

HAND  OPERATED 

Republic  hand  operated  valves,  in  sizes 
from  1"  to  8",  are  built  to  900  lb.  and 
1500  lb.  pressure  standards.  Sizes  up  to 
2"  are  also  available  for  600  lb.  pressure. 
They  are  of  the  single  seated  type,  have 
a  one  piece  valve  stem,  and  seat  rint;s 
that  are  Stellite  surfaced.  On  the  larger 
sizes  the  gear  reduction  head  is  built 
with  ball  or  roller  bearings  and  pre 
cision  ground  gears  for  minimum  fric- 
tion and  back  lash. 


For  your  key  jobs,  where  valves  must  not 
fail -where  they  must  continuously  and 
accurately  regulate  the  pressures  and 
flows  of  steam  and  water  on  which  other 
vital  processes  depend -Republic  valves 
give  you  the  dependability  you  need. 

Let  a  Republic  Engineer  consult  with  you 
on  your  specific  pressure  and  flow  regu- 
lating problems. 


Republic  12 


LEVER  OPERATED 

Republic  double  seated  lever  operated 
valves  are  available  in  sizes  from  3"  to 
16"  tor  low  pressure  applications  and  in 
sizes  up  to  6"  for  1500  lb.  applications. 
They  are  ideal  for  air  actuation  with 
long  stroke  cylinders.  The  lever  mech- 
anism is  of  sturdy  construction  capable 
of  taking  full  strain  of  power  cylinder. 

Single  seated  lever  operated  valves  are 
available  in  sizes  up  to  2"  and  for  pres- 
sure up  to  1500  lb.  standard.  The  sturdy 
lever  mechanism  is  adjustable  for  lift. 

BUTTERFLY  VALVES 

Republic  butterfly  valves  can  be  sup- 
plied in  cast  iron  or  steel  for  pressures 
up  to  300  lbs.  Vanes  can  be  supplied 
of  the  angle  seating  or  swing  through 
types.  The  shaft  can  be  mounted  on 
ball  or  plain  bearings  as  required.  A 
valve  operator  may  be  mounted  direct- 
ly on  valves  ot  6"  size  and  over. 


Republ 


ever  operated  ' 


Republic  6  in.  hand  operated 


REPUBLIC     FLOW    METERS     CO 

2240  Diversey  Parkway,  Chicago  47,  Illinois 
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Using  High  Impact  Fatigue  Strengtli,  Wear  Resistance 


M01DEBI««£R«» 
MOlOtD-UHlHMtB 


THE  BREAKEK  ARM  is  ail  im- 
portant small  part  in  any 
automotive  ignition  system. 
Synthane  for  this  application 
is  a  good  example  of  nsing 
plastics  where  plastics  helong. 
Synthane  qualifies  here  be- 
cause of  its  high  resistance  to 
impact  fatigue,  excellent  wear- 


ing qualities,  and  insulating 
characteristics. 

For  these  reasons,  or  possi- 
bly others,  Synthane  may  be 
just  what  is  needed  in  any 
product  in  which  you  may 
have  a  future  interest.  It's  easy 
to  find  out,  better  to  find  out 
before  you  design. 


SYilITHAWE    CORHORATIOM,   OAKS,    PE1»!KSV1>VA1V'IA 


[SYivffIA\|]   ! 
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SYNIHANE  TECHNIHL  PUSIICS      DESIGN  •  MAIEBULS  •  F»BRICAIIOH 
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Lithography  Comes  Of  Age 


By    WADE    E.    GR  IS  WOLD 


Litliojiraphy  has  Jjccoiiie  one  of  the 
priiiri])al  means  for  channeling  ideas 
and  information  to  the  i)ul)lic.  Its  sud- 
den growth  in  the  past  twenty  years 
has  l)een  so  spectacular  that  science 
and  other  imhistries  have  reason  to  ])e 
interested. 

That  scientific  research  played  an 
important  part  is  evident.  The  factors 
and  circumstances  seem  to  he  revealed 
in  the  relationship  of  the  development 
to  trends  in  pidilic  and  industrial 
thinking. 

The  growth  of  litliogra])hy  from  an 
art  to  a  craft,  to  a  mass  production  ink- 
on-paper  medium  now  often  employ- 
ing line  production  techniques,  would 
appear  important  to  research  men 
who  have  despaired  of  developing  pri- 
vate or  cooperative  research  programs 
and  projects  for  industries  that  have 
not  sprung  from  sciences. 

Here  is  what  Dr.  Jewett,  President 
of  the  National  Academy  of  Sciences, 
said  at  the  opening  of  the  new  Sugar 
Research  Foundation  regarding  the 
prohlems  of  setting  up  cooperative 
programs,  such  as  exist  in  the  litho- 
graphic industry  today: 

"One  of  the  first  things  that  1  no- 
ticed in  the  early  days  of  my  career  in 
industrial  research  was  that  it  was  very 
much  easier  to  bring  the  tools  and 
methods  of  fundamental  science  as  ex- 
emplified in  the  laboratories  of  uni- 
versities, technical  schools,  founda- 
tions and  what  not  to  the  assistance  of 
industries  which  had  developed  out  of 
modern  science  than  it  was  to  indus- 
tries which  were  old  in  human  hislorv 
—  that  is,  to  industries  which  bad 
grown  out  of  ancient  arts. 

"If  you  will  look  back  you  will  find 
that  the  first  great  industrial  research 


Measuring  pH  of  Fountain  Solution. 


laboratories  were  in  the  fields  of  mod- 
ern chemistry  or  of  physics  primarily 
as  exemplified  in  the  electrical  indus- 
tries. In  other  words,  in  those  indus- 
tries which  in  effect  grew  out  of  labo- 


ratory work  rather  than  out  of  an  art 
as  slowly  developed  through  human 
experience.  Also  you  will  find  that  gen- 
erally speaking  those  industries  which 
are  oldest  in  hiunan  affairs  and  whose 
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methods  have  evolved  slowly  from 
their  hegiiiiiiiifi  in  prehistoric  times 
were  the  slowest  and  most  conserva- 
tive when  it  came  to  adopting  the 
methods  of  the  newer  science. 

"True,  they  rather  early  adopted 
some  of  the  elementary  tools  of  sci- 
ence for  check  and  control  of  proc- 
esses. Likewise,  thev  were  not  slow  to 
employ  technology  for  hdior-saving 
purposes  as  a  means  of  lowering  costs. 
But  as  for  using  science  largely  as  a 
primary  tool  they  have  ])een  slow  de- 
spite the  fact  that  potentially  they 
have  the  most  to  gain  since  because 
they  deal  with  man's  primary  wants 
they  are  concerned  with  his  jirincipal 
activities. 

"While  it  is  a  curious  phenomenon 
it  is  not  a  surprising  one  wiien  we  stop 
to  think  of  man's  conservative  tend- 
ency to  cling  to  the  pattern  of  his  past 
experience.  The  more  each  new  gen- 
eration is  schooled  niainlv  by  appren- 
ticeship to  the  preceding  one  the  more 
conservative  it  will  ])e.'" 

Perhaps  it  would  lie  an  error  to  laliel 
the  Iithogra|)hic  process  an  art  in  th<' 
sense  that  Dr.  Jewett  uses  it  merelv  J)e- 
eause  it  has  so  long  heen  associated 
with  the  reproduction  of  art  sul)jects. 
In  reality  its  inventor,  Alois  P.  Sene- 
felder,  developed  the  process  a  hun- 
dred and  fifty  years  ago  from  the  sim- 
ple, scientific  fact  that  grease  and 
water  do  not  normally  mix. 

The  process  as  used  today  is  essen- 
tially the  same  as  when  he  developed 
it  in  1796.  A  printing  surface  is  em- 
ployed whose  non-printing  areas  are 
dampened  to  prevent  greasy  ink  from 
adhering  to  them,  the  image  on  that 
surface  is  receptive  to  greasy  ink,  and 
the  ink  image  is  transferred  to  paper. 
But  first  a  hrief  summary  of  the 
three  principle  jirinting  processes, 
neglecting  large  areas  of  their  history 
and  much  that  is  of  technical  interest, 
may  thi-ow  into  relief  the  unique  char- 
acteristics of  lithography  and  its  de- 
velopment from  Senefelder  to  modern 
production  methods. 

Letter  press  prittting  has  a  long  and 
honorajjle  history.  Printing  hv  trans- 
ferring ink  from  a  raised  surface  to 
paper,  like  many  of  the  arts  of  man 
was  known  in  China  centuries  ago.  The 
invention  of  movable  type  made  \)Os- 
sible  the  printing  of  l)ooks.  The  inven- 


tion of  the  half-lone  process  gave  the 
printer,  in  addition  to  jjliotographical- 
ly  jnoduced  replicas  of  line  drawings, 
it'producfion  in  tone  of  photographs 
and  drawings. 

By  means  of  a  fine  ruled  screen  in 
the  camera  in  optical  relationship  to 
the  lens  and  its  diaphragm  and  the 
l)hotographic  emulsion,  the  tones  of 
the  original  print  are  translated  into 
so-called  dots  of  varying  areas.  A  light 
sensitive  resist  on  a  zinc  or  copper 
|)late,  after  exposure  and  development 
permits,  with  considerable  hand  work, 
etching  of  the  metal:  and  dots  of  vari- 
alde  area  are  produced,  which  when 
transferred  to  paper  by  the  printing 
process  are  translated  by  the  eye  into 
a  replica  of  the  original  print. 


200-line  deep-etch  plate,  estimated 

estimated    40    per    cent    density. 

(lOOx). 


Photographic  means  for  separately 
recording  three  substantially  equal 
portions  of  the  visible  spectrum,  again 
through  the  half-tone  screen,  enable 
successive  printing  of  colors  secondarv 
in  relationship  to  the  primarv  color 
separation,  and  a  replica  in  color  of 
the  original. 


In  the  press,  considerable  pressure 
and  control  of  pressure  by  mechanical 
means,  the  use  of  "make-ready"  — 
overlays  on  the  pressure  cvlinder,  un- 
derlays below  the  tvpe  or  plate  —  is 
necessary  for  satisfactory  prints. 

Rotogravure  is  a  develo])ment  of  the 
process  wherein  the  artist  scratches 
lines  tiirough  a  resist  on  a  copper 
plate,  etches  depressions  in  the  metal, 
applies  ink  to  the  plate,  cleans  the  un- 
etched  portions  of  the  plate,  leaving 
the  ink  in  the  depressions,  and  trans- 
fers the  ink  by  pressure  to  paper. 

In  rotogravure  the  i)hotographic 
image  is  printed  on  a  resist  through  a 
ruled  screen  which  divides  the  print 
area  into  small  square  cells  of  equal 
area  separated  ])y  fine  lines.  The  cop- 
])er  cylinder  is  etched  through  the  de- 
veloped resist — not  at  all  on  the  lines, 
through  varying  thicknesses  of  resist 
on  the  cells  and  to  varying  depths  on 
the  cylinder.  When  ink  is  applied  to 
the  cylinder  and  wiped  off  from  the 
unelched  lines  by  a  flexible  steel  blade, 
cylinder  pressure  deposits  varying 
thicknesses  of  ink  on  the  ])aper,  thus 
reproducing  the  tones  of  the  original 
by  dots  of  equal  area. 

Recent  developments  in  rotogravure 
have  added  invert  halftone  —  intar- 
print.  with  variable  area  —  or  with 
both  variable  area  and  variable  depth 
as  in  the  Doeltgen  and  Sportelli 
processes. 

Lithography  is  a  planographic  ])roc- 
ess,  as  contrasted  with  the  relief  ])rint- 
ing  of  letter-press  and  the  intaglio 
printing  of  rotogravure.  The  image  or 
work  area  is  receptive  to  greasv  ink. 
I  he  non-work  area  retains  water  which 
repels  greasy  ink;  and  the  work  area 
and  the  non-work  areas  are  su])stan- 
tially  in  a  plane. 

As  in  letterpress  and  unlike  roto- 
gravure, line  can  be  reproduced  with- 
out the  use  of  a  screen.  Reproduction 
of  tone  and  reproduction  of  color  bv 
successive  printings  emplovs  the  vari- 
able area  dot  of  the  Jialf-tone  ])rocess. 
But  here  the  resem])lance  ceases. 

In  lithography,  after  exposure  of 
the  negative,  dot  etching  on  negative 
or  positive  controls  tone  bv  chemical 
means.  The  dot  etcher  works  not  on 
metal  but  on  the  photographic  emul- 
sion. When  the  sensitive  emulsion  on 
the   metal    plate    is   exposed    through 
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negative  or  positive  and  the  plate  is 
processed  ready  for  the  press,  tone 
control  and  color  control  is  virtually 
complete. 

On  the  press,  from  printini;  plate  to 
final  product  on  paper,  mechanical 
control  of  print  (juality  is  reduced  to 
a  minimum,  and  chemical  control 
largely  governs. 

Dampening  of  the  j)late,  dei)Osition 
of  the  optimum  quantity  of  water  on 
the  grained  non-work  areas  by  means 
of  rollers,  is  largely  controlled  by  the 
pH  of  fountain  fluid  and  '"desensitiz- 
ing'" materials  such  as  gum  aral)ic.  The 
plate  cylinder  carrying  the  plate  thu< 
dampened,  then  jjrings  the  plate  into 
contact  with  the  ink  rollers.  Contaci 
between  the  plate  cylinder  and  the 
ruljber  blanket  cylinder,  because  of 
the  planographic  nature  of  the  plate, 
is  a  mere  '"kiss  pressure,"  and  make- 
ready  in  the  letterpress  sense  is  non- 
existent. Again,  contact  between  the 
blanket  cylinder  and  the  paper  on  the 
impression  cylinder  is  slight  and  sub- 
ject only  to  overall  control. 

Zinc  or  aluminum  is  used  in  twt) 
general  types  of  printing  plates: 

In  the  albumin  plate,  dicliromated 
egg  aljjuniin  is  coated  and  drietl  ])y 
whirling.  Exposure  througii  the  nega- 
tive and  development  to  remove  the 
unexposed  colloid  leaves  work  areas 
of  hardened  albumin,  which  arc  ink 
receptive. 

In  the  deep-etch  plate,  a  dicliro- 
mated gum  arabic  coating  is  exposed 
through  a  positive  and  developed, 
leaving  work  areas  of  clear  metal. 
Etching  slightly  below  the  top  level  of 
the  grained  plate  provides  anchorage 
for  a  suitable  lacquer;  and  gum  arabic 
and  excess  lacquer  are  removed,  leav- 
ing the  work-area  lacquer,  also  ink  re- 
ceptive, more  firmly  attached  to  the 
plate  than  is  the  surface-attached  al- 
bumin work-area. 

Returning  to  the  dcveloj)menl  of 
lithography,  there  have  been  many  ad- 
justments in  techniques,  skills,  equi])- 
ment,  and  materials  as  changes  oc- 
curred in  public  tastes  and  trends. 
These  have  been  concurrent  with  new 
mechanical  and  chemical  methods  and 
applications. 

Lithography  had  a  slow  Init  steady 
growth  from  an  individual  art  to  a 
craft  in  its  first  one  hundred  years  up 


lo  the  turn  of  this  century.  In  that  time 
it  served  largelv  a  trend  which  pro- 
vided art  and  music  for  the  masses  at 
lower  cost  through  reproduction  of 
originals.  Public  demand  for  illustra- 
tion in  news  and  product  information 
from  the  Civil  War  on  was  parallelled 
by  expansion  made  possible  by  me- 
chanical means  of  increasing  rates  of 
production.  Early  in  this  century  when 
modern  advertising  technicjues  were 
born,  it  began  to  serve  the  mass  mar- 
keting and  distributing  systems  ac- 
companying the  mass  production  of 
consumer  goods. 

When  lithographers  felt  the  pres- 
sure of  increased  production  demand 
some  fifty  years  ago.  they  abandoned 
flat-bed  presses  and  the  vein  of  Solen- 
hofer  stone  first  used  by  Senefelder 
and  bv  lithographers  ever  since;  they 
lurned  to  science  and  found  a  substi- 
tute in  grained  zinc.  The  surface,  be- 
ing increased  four  or  five  times  by  me- 
chanical graining,  holds  the  moisture 
essential  to  the  operation  of  the  proc- 
ess bv  capillarv  attraction  rather  than 
absorption.  Aluminum,  stainless  steel, 
monel  and  bi-metallic  plates  came 
later.  The  effect  of  this  change  was  to 
open  the  minds  of  lithographers  to 
scientifically  developed  ideas,  and  this 
condition  has  continued. 

The  industry  and  technical  develop- 
ment have  been  held  closely  together 
because  the  process  is  essentially 
chemical  throughout,  whereas  letter- 
press printers  are  more  concerned  with 
mechanical  means  of  tone  correction, 
make-ready,  and  pressure.  The  latter 
have  split  into  separate  businesses: 
typographers,  platemakers,  elect ro- 
jjlaters.  varitypers,  and  printers.  Lith- 
ographers have  kept  greater  control  of 
their  process.  They  generally  make 
and  run  their  own  plates.  The  reverse 
is  true  of  letterpress. 

The  thin  zinc  plate  can  he  wrapped 
around  a  cylinder  on  the  faster  rotary 
]iress  as  contrasted  with  the  slow  flat- 
bed, horizontal  motion  that  served  the 
""stone  age"  in  lithogi-aphy.  The  proc- 
ess still  remains  essentially  j)lano- 
graphie  and  keeps  the  advantage  of 
large  printing  areas  with  very  little 
make-ready  on  the  press. 

Mechanical  engineering  develop- 
ments which  played  such  an  impor- 
tant part  in  the  growth  of  the  Ameri- 


can mass  production  system  were  not 
at  first  easily  sold  to  the  tradition- 
bound  art  and  craft  lithographers,  ei- 
ther in  the  metal  decorating  or  pajter 
printing  trades.  But  there  was  pres- 
sure from  consumer  goods  manufac- 
turers using  modern  advertising  tools 
to  develop  markets.  Thev  wanted  post- 
ers, calendars,  can  and  food  package 
labels  with  color,  and  product  illus- 
trations and  information  to  attract  at- 
tention, arouse  interest,  create  de- 
mand, and  produce  buying  action. 
Lithographers  met  the  demand. 

When  advertising  art  taste  veered 
from  artists'  conceptions  to  photo- 
gra])hic  reality,  influenced  perhaps  by 
the  motion  picture,  the  davs  of  the 
litho  artist  who  created  design  on 
stone  by  cravon  and  stipple  were  num- 
bered in  nianv  plants.  But  it  was  some 
time  before  science  could  apply  pho- 
tographic transfer  methods  to  lithog- 
raphy against  the  traditional  art  and 
craft  opposition  of  hand  transfer  and 
other  lithographic  craftsmen.  This  is 
the  only  point  at  which  science  might 
be  accused  of  having  retired  litho- 
graphic skilled  craft  manpower  a  little 
too  fast,  although  most  of  the  men 
were  retained  for  other  litho  jobs. 

When  photographic  methods  were 
being  accepted  generally,  those  who 
were  lithographing  on  paper  bor- 
rowed the  method  prevailing  in  metal 
decorating.  Instead  of  jirinting  direct, 
this  called  for  offsetting  the  image  on 
a  rubber  blanket  mounted  on  a  cylin- 
der of  a  rotary  press  and  thence  on  the 
paper. 

All  these  ideas  were  being  discussed, 
investigated,  and  developed  when  the 
first  World  War  came  along.  As  an 
outcome  of  it,  the  importance  of  or- 
ganized research  laboratories  was 
shown — such  as  came  to  the  fore  in 
the  electrical  and  chemical  industries, 
which  had  grown  from  sciences.  The 
majority  of  military  maps  always  hav- 
ing been  lithographed,  the  lithograph- 
ic industry  was  close  to  war  activities. 

It  was  natural  that  immediately  aft- 
er the  war  a  numl)er  of  far  sighted 
lithographers  and  their  suppliers  be- 
gan to  explore  the  possible  benefits  of 
scientific    research.    The    lithographic 
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OUTSTANDING  FIRE  CAUSES 
AND  LESSONS  THEY  TEACH 


By    JOHN    J.    AHERIS 


Today,  after  seventy-five  years  of  in- 
creasingly intense  fire  prevention  ac- 
tivity, our  foe,  the  destroyer  of  our  na- 
tional wealth,  seems  to  he  catching  his 
hreath  for  a  renewed  onslaught.  Look- 
ing at  the  record  we  seem  to  he  losing 
ground  and  tiring  in  our  efforts  as  fire 
tears  out  great  chunks  of  our  economic 
structure  at  a  particularly  critical 
time.  In  addition  there  is  an  unconi- 
fortahle  feeling  that  perhaps  we  are 
shirking  our  duty  in  this  respect.  All 
of  us  in  the  loss-prevention  profession 
carry  a  heavy  responsihility  towards 
our  fellow  citizens.  They  look  to  us  to 
keep  their  homes,  their  families,  their 
children,  and  their  ])laces  of  employ- 
ment safe  from  harm.  From  the  stand- 
point of  industrial  safety  we  can  afford 
to  feel  proud  of  om-  accomplishments; 
however,  if  we  look  at  the  fire  preven- 
tion phase  of  our  responsi])ility  we 
must  hang  our  heads  in  shame.  Our 
efforts  in  industrial  safety  have  pro- 
duced a  steady  downward  trend  in  fre- 
quency rates  which  even  resisted  the 
impact  of  a  war  and  the  greatest  ex- 
pansion ever  experienced  hy  industry. 
In  the  meantime,  however,  the  fire  loss 
has  l)een  motmting.  The  year  1935 
marked  the  end  of  a  downward  swee]) 
which  carried  us  to  a  low  in  our  firo 
losses  of  .$235,263,401.  Slowly  and  re- 
lentlessly this  national  scourge  has 
heen  creeping  up  on  us  until  at  the  end 
of  1945  it  had  reached  the  appalling 
figure  of  .5484.000,000.  Its  advance  has 
not  heen  stopped!  The  toll  for  this 
year  is  almost  thirty  per  cent  higher 
than  in  the  similar  period  of  last  year. 
At  the  end  of  July  this  waste  had 
reached  a  total  of  .$338,304,000  which 
exceeds  the  recorded  loss  for  anv  cal- 


endar year  from  1933  through  1942. 

If  we  could  excuse  these  mounting 
loss  figures  by  charging  them  off  to  in- 
flation the  picture  would  not  look  so 
dark.  We  are  all  familiar  with  the 
painful  fact  that  the  item  which  could 
have  been  replaced  five  years  ago  for 
ten  dollars  will  now  cost  fifteen  or 
twenty,  if  available  at  all.  This  situa- 
tion, undoubtedly,  is  partially  respon- 
sil)le  for  the  mounting  losses;  how- 
ever, careful  investigation  shows  that 
only  a  very  small  ])art  of  the  increase 
can  be  honestly  charged  to  inflation. 
For  example,  the  records  of  our  own 
Chicago  Fire  Department  show  a  28.2 
per  cent  increase  in  alarms  during  the 
first  eight  months  this  year  over  last. 
Here  there  is  no  question  of  inflation 
— it  is  simply  more  fires.  Furthermore, 
a  studv  made  I)y  the  National  Board 
of  Fire  Underwriters  shows  that  the 
upward  trend  still  prevails  when 
measured  in  terms  of  goods  and  prop- 
erty actually  destroyed.  In  addition  to 
the  professional  I)lack  mark  against 
us.  it  is  also  true  that  this  is  the  worst 
possible  time  in  our  history  for  fire  to 
take  its  toll.  All  industry  is  engaged  in 
a  jn-eathless  race  against  inflation,  to 
|)roduce  consumers'  goods  to  soak  u]> 
the  excess  purchasing  power  running 
rampant  in  the  country.  Each  item 
burned,  each  building  destroyed,  is  a 
Imckward  step  in  the  race  against  in- 
flation. Those  items  are  irretrievabh 
wasted  and  contriliute  to  the  inflation- 
ary pressures. 

Now  to  get  down  to  the  piu-]tose  of 
this  paper:  What  are  the  ]>redoniinat- 
ing  causes  contrilniting  to  thi*  nation- 
al disgrace?  Are  they  eontrollal>le? 
What  can  ice  do  to  slop  this  upwaril 
trend? 


First  of  all,  what  is  a  fire  cause? 

Our  statistics  on  fire  causes  are  not 
completely  reliable.  First  there  is  a 
great  deal  of  nniddled  thinking  on  the 
sul)ject  which  tends  to  confuse  causes 
and  media;  to  fail  to  distinguish  be- 
tween the  soin-ce  of  ignition  and  the 
material  which  burns.  For  example, 
vou  very  often  hear  that  a  fire  was 
caused  by  flammable  liquids  and  find 
that  given  in  statistical  taltles  as  a  fire 
cause.  Actually,  flammalile  liquids  l)y 
themselves  do  not  start  fires  l)ut  onlv 
contribute  to  the  severity  of  the  fire. 
The  tragedy  of  such  thinking  is  that 
the  real  culprit  goes  undetected;  the 
faulty  switch,  open  flame,  or  spark 
producing  device  which  ignited  the 
fumes  is  not  properly  engineered.  The 
other  and  greater  difficulty  in  collect- 
ing accurate  cause  data  is  the  nature 
of  the  beast  itself.  Unlike  most  other 
accidents,  fire  frequently  destroys  all 
the  evidence  pointing  to  its  origin 
making  it  extremely  difficult  to  "re- 
construct the  crime".  However,  we  do 
have  a  great  deal  of  data  and  must 
make  the  best  of  the  material  at  liand. 

I  have  selected  five  causes  which  I 
considered  outstanding  because  of  the 
number  of  fires  attributed  to  them  and 
also  liecause  of  the  fact  that  they  pre- 
sent j)ro])leuis  which  can  be  solved 
within  the  realm  of  our  present  knowl- 
edge. It  would  be  thrilling  to  come  be- 
fore you  and  be  able  to  say  that  the 
increase  in  fire  losses  is  due  to  the  use 
of  atomic  energy,  jet  propulsion,  gas 
turbines,  or  some  other  startling  won- 
der of  the  post-war  world,  but  such  is 
not  the  case.  The  increase  is  due  to  the 
same  old  faults  which  we  have  been 
fiohting  for  many  years,  made  more 
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serious  and  reinforced  liy  lack  of  in- 
terest in  the  menace  on  the  part  of  tlic 
general  ])uhlic. 

Numl)er  one  on  the  list  of  piil)lic 
enemies  is  our  old  problem  child, 
smoking  and  matches.  Each  year  since 
the  turn  of  the  century  and  particu- 
larly since  World  War  I.  the  percent- 
age of  fires  due  to  this  cause  has  ])eeu 
rising.  Here  is  a  national  monument 
to  tlie  efficiency  of  modern  advertis- 
ing. Millions  of  dollars  have  l)een 
spent  convincing  the  American  pidilic 
that  thev  should  walk  a  mile  for  a  cig- 
arette, that  they  can  get  a  lift  with  a 
smoke,  that  a  particular  cigarette  sat- 
isfies, or  that  thev  should  not  he  irri- 
tated, just  light  an  el  Ropo.  Nowhen^ 
have  I  seen  an  advertisement  reading. 
'"Burn  your  house  down  with  a  Nico- 
tino"  or  "Toast  in  lied  with  a  fresh, 
cool  Ignito".  Yet  our  statistics  tell  us 
that  sucli  advertising  would  not  ])e 
misleading.  Please  understand  I  am 
not  objecting  to  smoking  as  such  nor 
to  the  terrific  advertising  job  which 
has  been  done.  I  am  merely  calling  at- 
tention to  the  fact  that  we  have  created 
a  ]>ublic  habit  without  regard  to  the 
]>recautionary  measures  which  should 
acconi])any  the  habit.  "V  ou  have  all  had 
the  experience  of  walking  onto  a  beau- 
tiful ball  room  floor  and  suddenly  no- 
ticing tlie  l)urned  marks,  charred 
s])ots.  which  covered  the  floor.  Each 
was  a  i)otential  fire,  an  indication  that 
the  jK'rpetrator  had  no  regard  for  the 
damage  i)eing  done.  Another  factor  is 
the  increase  in  women  smokers.  It  was 
serious  enough  when  we  had  onlv  the 
men  to  worrv  about,  but  now  the  wom- 
en smokers  |)ut  them  to  shame.  No 
bridge  table  is  complete  without  four 
or  five  cigarette  burns,  unite  evitlence 
of  potential  fires  which  will  reoccur. 
Here  is  a  great  opjiortunitv  for  pul)lic 
education;  the  same  uuMlium  which 
planted  this  haliit  can  and  should  con- 
duct a  campaign  to  help  its  devotees 
pursue  the  habit  in  safety. 

We  must  face  it ;  smoking  is  a  na- 
tional habit.  Acceptance  of  that  fact 
brings  us  to  the  methods  of  controlling 
it.  First  and  foremost  is  the  provision 
of  safe  locations  in  which  to  smoke, 
rooms  with  a  niininiuin  of  combustil)le 
furnishings,  eqiiipjied  with  recep- 
tacles s[>ecifically  designed  for  the 
safe   disposal   of   matches,   cigarettes, 


cigars,  and  ashes.  There  is  a  tremend- 
ous difference  between  an  ash  tray 
which  permits  the  cigarette  to  topple 
out  as  it  liurns  down  and  one  designed 
so  that  it  falls  into  the  receptacle  as  it 
burns.  Industrial  establishments  have 
learned  that  it  pavs  to  provide  for  safe 
smoking  rather  than  to  trv  to  enforce 
ini|)ractical  smoking  regulations 
which  breed  stolen  smokes  and  hasty 
disposal  of  lighted  matches  and  ciga- 
rettes. Of  course,  we  all  realize  that 
there  arc  certain  areas  containing  haz- 
ardous materials  in  which  smoking 
nnist  be  forliidden.  However,  safe 
smoking  facilities  can  be  provided 
near-by,  as  was  done  in  many  explo- 
si\cs  ])lants  during  the  war,  allowing 
the  workers  an  occasional  smoke  with- 
out endangering  their  lives  or  the  safe- 
ty of  the  plant.  In  tliis  connection,  spe- 
cial attention  must  be  devoted  to  con- 
laminated  clothing.  The  presence  of 
oil.  grease,  explosive  dusts  or  active 
oxidizing  agents  on  clothing  can  turn 
a  worker  into  a  human  torch  as  he 
Uglily  bis  cigarette.  The  provision  of 
permanent  electric  lighters  helps  to 
discourage  the  carrying  of  matches  in 
work  clothing.  Oiu'  whole  approach  to 
tlie  industrial  pro])lem  of  smoking 
should  be  one  of  intelligent  coopera- 
tion rather  than  repressive  regula- 
tions. The  problem  of  domestic  or  ])er- 
sonal  smoking,  however,  is  much  more 
difficult  to  control.  Here  our  onlv  ap- 
proach is  that  of  education.  In  spile 
of  the  almost  daily  news  accounts  to 
the  contrary,  most  people  do  not  con- 
sider it  dangerous  to  smoke  in  lied. 
This  is  a  ]>ul)lie  education  prolileni 
and  one  which  calls  for  the  greatest 
efforts  of  our  advertising  specialists. 
W  e  must  get  across  to  each  and  cverv 
smoker  the  dangers  involved  and 
make  safe  smoking  habits  just  as  auto- 
matic with  him  as  his  smoking  itself. 
Tiie  next  in  importance  among  the 
sources  of  fire,  because  of  the  great 
monetary  loss  chargeable  to  it.  are  ex- 
jjosure  fires,  fires  originating  off  the 
jiremises.  Here  the  severitv  is  all  out 
of  proportion  to  the  number  involved 
because  each  represents  a  fire  which 
is,  at  least  momentarily,  out  of  the 
colli  rol  of  the  fire  department.  Here 
is  a  cause  that,  from  an  engineering 
standpoint,  is  inexcusable.  These  fires 
cannot  jjc  blamed  on  carelessness,  hu- 


man habits,  or  sudden  human  im- 
pulses. Each  fire  started  by  exposure 
is  a  direct  indictment  of  the  engineers 
involved.  In  every  case  it  w  as  possible  1 
to  foresee  exactly  what  would  happen 
before  the  fire  in  the  adjoining  prop- 
erty started.  We  knew  what  was  re- 
quired to  confine  it  but  the  proper  en- 
gineering steps  were  not  taken.  What  <l 
are  our  weapons  against  this  cause?  1 
First,  there  is  no  adecpiate  sujistitute 
for  open  space  between  buildings.  Not 
only  does  open  space  free  of  combus- 
tible material  constitute  a  barrier  to 
the  passage  of  fire  but  it  also  provides 
space  for  the  fire  department  to  get  in 
and  make  a  stand.  If  ojien  space  is  un- 
obtainajile  a  fire  wall  with  no  open- 
ings and  extending  through  the  roof 
with  a  parapet  is  our  next  defense.  A 
good  twelve-inch  brick  wall  of  this 
type  will  stop  jjractically  all  fires  long 
enough  to  enable  the  fire  department 
to  Itring  the  sjireading  fire  under  con- 
trol. As  the  protection  decreases  from 
I  lie  absence  of  these  two  most  desir- 
able features,  we  must  make  com|)ro- 
mises.  Walls  with  ojienings  must  be 
protected  by  automatic  fire  doors  in 
operating  condition,  windows  can  be 
pro\ided  with  outside  sprinklers  or 
eipiipped  with  wired  glass  in  metal 
sash,  and  inside  sprinklers  ])rovided 
for  the  contents.  These  eomjiromises, 
however,  will  not  hold  back  the 
>preading  fire  indefinitely,  and  the 
file  department  will  not  have  the  mar- 
gin oi  time  jirovirled  bv  open  space 
and  blank  walls.  All  of  our  cities  are 
conlemplating  action  in  rehabilitating 
.^liim  areas.  The  lack  of  ojien  space,  in 
addition  to  being  a  conflagration 
breeder,  is  the  chief  reason  wliv  exo- 
dus to  the  suburjts  has  occurred,  jiro- 
diicing  decrease  in  property  values  I 
within  the  cities.  As  slum  clearance 
proceeds  and  long-range  city  planning 
is  developed,  we  must  see  to  it  that 
adequate  open  space  is  made  an  in- 
tegral part  of  each  plan  and  thus  stop 
at  the  source  the  number  two  fire 
cause. 

The  misuse  of  eli'ctrieitv  is  number 
three  on  the  list  of  fire  criminals.  Here 
is  another  illustration  of  nian"s  tech- 


See  FIRE  on  page  32 
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LINEAR  RELATIONSHIPS  IN  GAS  TURBINES 


BY  JDHIV  T.  RETTALIATA 


Ml CH  INFORMATION  IS  BEING  pulilished      dynamic    Properties    of    Air",    b^- 
■currently  concerning  gas  turbines.  The      Keenan  and  Kaye,  with  modifications 
cycles  that  are  being  presented  range      to  achieve  linear  relationships  in  cer- 
from  the  basic  arrangement,  compris-      tain  instances, 
ing  a  single  turl)ine,  compressor,  and 
combustion   chamber,   to   more   elab- 
orate  cycles    involving   reheat,    inter- 
cooling,  and  regeneration.  The  design 
and   performance   calculations   associ- 
ated with  such  cycles  can  l)ecome  quite 
involved,  and  in  order  to  assist  in  such 
endeavors   and   reduce   the   labor   in- 
volved, set  forth  here  arc  some  linear 
relationships,  characteristic  of  gas  tur- 
bines, which  may  be  found  useful. 

Since  the  motive  fluid  of  practically 
all  open  cycle  gas  turbines  is  essential- 
ly air.  the  material  contained  herein 
is  presented  on  that  basis  and  perfect 
gas  relationships  are  employed.  Cor- 
rections for  fuel  additions  are  incor- 
porated insofar  as  quantity  is  con- 
cerned, but  the  specific  heat  of  the 
products  of  combustion  resulting  from 
the  burning  of  the  fuel  is  assumed  to 
be  the  same  as  that  of  air.  Air  data 
have   been    obtained    from    "Thermo- 
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FIG.  3 


Turbine 

For  a  given  pressure  ratio,  the  isen- 
tropic  change  in  enthalpy  occurring 
during  expansion  in  a  turbine  is  a 
linear  function  of  turbine  inlet  tem- 
perature for  fixed  values  of  isentropic 


FIG.  4 


exponent  and  gas  constant.  Figure  1 
gives  such  values  of  enthalpy  changes 
for  pressure  ratios  of  2  to  8  and  turbine 
inlet  temperatures  from  500  to  2000  F. 

The  polytropic  change  in  enthalpy 
in  the  turbine  is  equivalent  to  the  isen- 
tropic change  multiplied  by  the  tur- 
bine efficiency.  Figure  2  gives  poly- 
tropic changes  as  linear  functions  of 
the  isentropic  for  turbine  efficiences  of 
60  to  100%. 

The  turbine  exhaust  temperature  at 
the  end  of  isentropic  expansion  is  a 
linear  function  of  inlet  temperature 
for  a  given  pressure  ratio  and  constant 
isentropic  exponent.  Values  of  the 
isentropic  temperatures  at  the  turbine 
exhaust  are  given  in  Figure  3  as  a  func- 
tion of  inlet  temperature  for  various 
pressure  ratios  from  2  to  8. 

The  change  in  temperature  during 
polytropic  expansion  is  equal  to  the 
isentropic  change  multiplied  by  tur- 
bine efficiency.  The  polytropic  change 
subtracted  from  the  inlet  temperature 
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FIG.  6 


FIG.  7 


will  give  the  temperature  at  the  end 
of  polytropic  expansion.  Figure  4 
shows  the  linear  variation  of  poly- 
tropic exhaust  temperature  with  inlet 
temperature  for  turhine  efficiency  of 
70  to  100%  and  values  of  isentropic 
temperature  at  the  turbine  exhaust 
ranging  from  300  to  1600  F.  For  ease 
in  reading  the  chart  it  will  he  noted 
that  corresponding  efficiency  lines  are 
parallel  to  each  other. 

Compressor 

As  in  the  case  of  the  turbine,  the 
isentropic  change  in  enthalpy  during 
compression  mav  be  expressed  as  a 
linear  function  of  compressor  inlet 
temperature,  and  Figure  5  shows  such 
values  for  pressure  ratios  from  2  to  8 
and  inlet  temperatures  of  0  to  300  F. 
The  polytropic  change  in  enthalpy 
during  compression  equals  the  isen- 
tropic   change    divided    by    adiabatic 


compressor  efficiency.  Figure  6  shows 
the  polytropic  change  as  a  linear  func- 
tion of  the  isentropic  for  compressor 
efficiencies  of  60  to  100%.  The  poly- 
tropic change  in  enthalpy  is  required 
in  order  to  determine  the  power  re- 
quired to  drive  the  compressor. 

Also,  as  in  the  case  of  the  turbine, 
the  temperature  at  the  compressor  dis- 
charge after  isentropic  compression  is 
a  linear  function  of  the  inlet  tempera- 
ture for  a  given  pressure  ratio  and 
isentropic  exponent.  Values  of  the 
isentropic  temperature  as  a  function 
of  inlet  temperature  for  pressure  ratios 
from  2  to  8  are  given  in  Figure  7. 

The  change  in  temperature  during 
isentropic  compression  divided  by  the 
compressor  efficiency  gives  the  poly- 
tropic change.  The  latter  added  to  the 
compressor  inlet  temperature  will  give 
the  temperature  at  the  end  of  poly- 
tropic   compression.    This   polytropic 


temperature  is  shown  in  Figure  8  vary- 
ing linearly  with  inlet  temperature 
for  values  of  isentropic  discharge  tem- 
perature from  100  to  800  F.  and  com- 
pressor efficiencies  of  60  to  100%.  All 
lines  of  corresponding  efficiency  are 
])arallel  to  each  other. 

Combust'ion  Chamber 

By  burning  fuel  in  the  combustion 
chaml)er,  beat  is  transferred  to  the 
motive  fluid  and  a  change  in  its 
enthalpy  results.  The  enthalpy  of  air 
as  a  linear  function  of  temperature  for 
temperature  ranges  of  0-500  F.,  500- 
1000  F.,  1000-1500  F..  and  1500-2000  F. 
is  given  in  Figures  9,  10,  11,  and  12, 
respectively.  The  increase  in  enthalpy 
effected  in  the  combustion  chamber 
is  the  difference  in  enthalpy  at  the  en- 
tering and  leaving  temperatures.  Since 
it  is  assumed  that  the  products  of  com- 
bustion   have    properties    similar    to 
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those  of  air,  these  figures  can  be  used 
for  enthalpy  of  the  motive  fluid. 

Regenerator 

One  of  the  most  direct  methods  of  in- 
creasing the  thermal  efficiency  of  a  gas 
turbine  cycle  is  by  using  a  regenerator 
whereby  the  turbine  exhaust  gases  are 
used  to  preheat  the  compressor  dis- 
charge air  before  the  latter  enters  the 
combustion  chamber. 

Figure  13  shows  the  temperature  of 
the  preheated  air  leaving  the  regen- 
erator as  a  linear  function  of  the 
temperature  (compressor  discharge 
temperature)  of  the  air  entering.  Re- 
generator effectiveness  of  50  to  805^ 
and  entering  gas  temperatures  (tur- 
bine exhaust  temperatures)  of  200  to 
1200  F.  have  been  used.  Lines  of  cor- 
responding effectivenesses  are  parallel 
to  each  other. 


Intercooler 

Increase  in  thermal  efficiency  can  also 
be  accomplished  by  employing  an 
intercooler  between  compression 
stages  and  thereby  reducing  the  work 
of  compression.  The  coolant,  usually 
water,  in  the  intercooler  reduces  the 
specific  volume  of  the  air  and,  in  turn, 
the  power  required  to  compress  it. 

In  Figure  14  the  temperature  of  the 
air  leaving  the  intercooler  is  shown  to 
vary  linearly  with  temperature  enter- 
ing, for  coolant  temperatures  of  40 
to  80  F.  and  intercooler  effectivenesses 
of  50  to  80%.  Lines  of  corresponding 
effectivenesses  are  parallel  to  each 
other. 

Fuel  Consumption 

The  specific  fuel  consumption  as  a 
linear  function  of  heat  input  from  the 
fuel  is  given  in  Figure  15,  for  lower 


heating  values  of  the  fuel  ranging  from 
5000  to  20,000  Btu  per  pound.  This 
range  is  sufficientlv  broad  to  include 
both  solid  and  liquid  fuels.  The  heat 
input  is  equivalent  to  the  change  in 
enthalpy,  in  Btu  per  pound  of  motive 
fluid,  occurring  in  the  combustion 
chamber  and  may  be  determined  from 
Figures  9  to  12.  The  heat  iuput  is  the 
quantity  of  heat  from  the  fuel  added 
to  each  pound  of  motive  fluid  (includ- 
ing combustion  products)  passing 
through  the  turbine.  Thus  the  fuel 
quantity  is  included  on  the  basis  that 
the  specific  heat  and  heating  tempera- 
ture range  of  the  fuel  are  the  same  as 
that  of  the  air. 

The  total  fuel  consumption  is  shown 
as  a  linear  function  of  the  specific  fuel 
consinnption  for  various  motive  fluid 
flows  from  1000  to  12,000  pounds  per 
minute  in  Figure  16.  The  motive  fluid 
flow  is  equivalent  to  the  quantity  of 
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air  cnlering  the  compressor  divided 
by  tlic  quantity  one  minus  the  specific 
fuel  consumption. 

Power 

The  horsepower  developed  by  the 
turbine  or  required  by  the  compressor 
is  given  in  Figure  17  as  a  linear  func- 
tion of  change  in  enthalpy  for  flows 
ranging  from  10,000  to  150,000  cfni. 
The  latter  units  have  been  employed 
since  compressors  are  usually  rated  in 
volume  flow  Ijut  where  required,  a 
ready  conversion  from  cfm  to  pound 
per  minute  and  vice  versa,  can  l)e  made 
by  use  of  Figure  18. 

Referring  to  Figure  17,  the  power 
developed  bv  the  turbine  may  be  de- 
termin<'d  bv  selecting  the  change  in 
enthalpy  from  Figures  1  or  2,  depend- 
ing upon  whether  theoretical  or  actual 
power  is  required,  and  the  appropriate 
flow  line.  In  the  case  of  the  turbine, 
tlie  flow  is  the  actual  quantity  of 
motive  fluid  passing  through  it,  in- 
cluding fuel. 

The  power  required  by  the  com- 
pressor may  also  be  obtained  from 
Figure  17  after  the  appropriate  change 
in  enthalpv  has  been  obtained  from 
Figures  5  or  6,  and  the  proper  flow  line 
selected.  If  an  intercoolcr  is  incor- 
porated in  the  compression  process, 
then  the  change  in  enthalpy  will  be 
the  sum  of  that  occurring  licfore  the 
intercoolcr  and  that  after,  the  latter 
being  ojjtained  with  the  reduced  tem- 
perature occasioned  by  the  introduc- 
tion of  the  intercoolcr. 

The  difference  between  the  power 
develoj)ed  by  the  turjjine  and  that  re- 
quired l)y  the  compressor  represents 
the  useful  output. 

Thermal  Efficiency 

The  thermal  efficiency  of  a  gas  turbine 
cycle  is  given  as  a  linear  function  of 
useful  output  in  Figure  19  for  various 
values  of  heat  in])ut  ranging  from  25 
to  1000  Btu  per  pound.  Since  the  use- 
ful output  is  expressed  in  B.T.U.  per 
pound,  its  value  may  be  determined 
by  dividing  the  heat  equivalent  of  the 
useful  output  in  horsepower,  as  ob- 
tained from  Figure  17,  by  the  pounds 
of  motive  fluid  producing  it,  both  items 
being  Ijascd  on  the  same  jxTiod  of 
time.    The    heat    input    quantity    re- 


'     !  M  M 

\  s/fffi/ 

V 

„ 

— 

1 

- 

~ll 

// 

'V 

/  / 

/I 

/i/ 

T 

1 

^  / 

1 

'hi 

i\' 

'  1 

J I 

/  , 

/ 

7 

11 

/]/ 

/  / 

/ 

/ 

It  1 

/ 

/ 

/ 

\f. 

jjl 

/ 

/ 

T 

? 

1 

'  ij  1 

/ 

/ 

/ 

/] 

1 

1  IN 

/ 

i    '^ 

y 

W 

s 

1 

/// 

1  // 

/  / 

/ 

/• 

"X 

i 

I'll/ 

If/ 

/ 

\y 

^, 

////  / 

// 

/ 

/ 

j,& 

III// 

/  / 

/  1/ 

/ 

y\ 

1  // 

illh 

// 

A 

/ 

1 

HI 

//// 

\' 

V 

/ 

tfj^ 

I/I// 

///  / 

'\ 

/ 

/ 

^ 

fiw/ 

^ 

> 

i 

i 

^ 

^ 

, 

■ 

" 

'-ffr 

^  i--^-^ 

riB.-t«l.i-l     1 

1 

'■& 

- 

1 

1 

1    1 

FIG.    17 


FIG.    18 


■  '\  H 

J/'  ?/ 

^rs^  'sj/AJ/MA 

1 

/  '  / 

/  / 

/ 

ULJ_M 

/ 

/    / 

/ 

/  / 

//T/% 

/ 

1    I 

/  '1 

L4-/4-LC 

'  / 

•\  1 

/  / 

1  1 

/77-Alf 

/'  1 

1  1 

/ '/ 

1  / 

'-t/JZZ't 

1  1 

1  ./ 

'  ( 1 

/ 

//////f 

/ 1^ 

1  i  1 

II 

II 

|T 

'  1  1 

l\l 

1 1 1 

'7 

'/////  y 

'A_ 

1 1 

III 

II 

^  / 

'//  /,  /  ^^ 

1 1 

fl  j //, 

'^/ 

///)//■& 

j  j  / 

In// 

'// 

//  /,/  / 

III 

1'  r/////// 

/  /  /]/  ^ 

1 1  / 

1  [//////    jV 

/y/  y^,. 

I 

III 

////  ,   \/  / 

/y    /  j^ 

U  '    / 

x^^^ 

l' 

W/, 

y/mZ/^ 

' 

1  ///i^z/yAy 

y^  ^^i^- 

llll 

Wr 

<w^yi^ 

yy^'-y 

v-^ 

r*^  1  *  1 

1 

1" 

...L   e.tic,t«c. 

5 

'    ,  ,  ,  r 

1      1 

^  1  1  1 1  1  1 

1      1 

ferred  to  in  Figure  19  may  be  found 
from  Figures  9  to  12,  as  mentioned 
previously  in  the  combustion  chaml)er 
section. 

Conclusions 

It  is  believed  to  be  of  interest  that,  as 
has  liecn  demonstrated  in  the  paper, 
the  important  variables  of  gas  turltine 
cycles  can  be  made  to  bear  linear  re- 
lationshii)s  with  each  other.  To  ac- 
complish this  in  some  instances,  it  has 
been  necessary  to  assume  the  existence 
of  constant  specific  heats  and  isen- 
tropic  exponents.  Notwithstanding 
such  simplifying  assumptions,  how- 
ever, the  thermodynamic  data  pre- 
sented agree  within  several  per  cent 
with  those  accepted  as  standard. 

The  normal  methods  used  in  the 
usual  performance  calculations  of 
complicated  gas  turbine  cycles  are 
laborious,  especially  when  a  series  of 
calculations  is  being  made  in  an  at- 
tempt to  determine  an  optimum  ar- 
rangement. The  use  of  the  graphical 
data  presented  here  will  greatly  reduce 
the  time  required  for  cycle  calcula- 
tions and  yield  results  accurate  to  with- 
in several  per  cent.  In  most  cases,  such 
a  degree  of  accuracy  will  be  accept- 
al)le,  but  where  greater  refinement  is 
required,  it  will,  of  course,  be  neces- 
sary to  account  for  all  variations,  in- 
cluding the  actual  composition  of  the 
motive  fluid  expanding  through  the 
turbine,  the  effect  of  the  humidity  of 
the  air  entering  the  compressor,  etc. 
In  the  majority  of  cases,  however,  it  is 
considered  that  the  methods  presented 
in  the  paper  will  lie  found  useful. 

In  this  study  the  upper  temperature 
limit  has  been  selected  at  2000  F. 
While  gas  turbines  actually  operating 
at  such  a  temperature  are  not  known, 
this  temperature  was  adopted  so  that 
calculations  showing  future  trends  and 
possibilities  may  also  be  performed. 
Rapid  metallurgical  advances  have 
been  made  during  the  war  and  designs 
of  gas  turl)iues  of  appreciable  size  and 
service  life  in  the  1500  to  2000  F.  range 
will  be  fortlicoming  in  all  probability. 

The  ])ossibilitics  of  combining  sev- 
eral of  the  graphs  presented  into  con- 
venient nomograms  should  not  be  over- 
looked, and  their  use  will  determine 
which  combinations  can  ])e  most  bene- 
ficial. 
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IN      SELECTED      MEXICAN      INDUSTRIES 


By    MILTON    E.    NELSON 


The  contrasts  in  topography,  cli- 
mate, soils  and  resources  of  Mexico 
reflect  her  manner  of  living,  industry, 
and  technology.  The  topography 
varies  from  snow-capped  peaks  to 
broad  open  plains.  The  cool  dry  cli- 
mate of  the  upper  plateaus  contrasts 
with  the  hot  humid  conditions  of  the 
tropics.  Rainfall  which  increases  the 
flow  of  the  rivers  of  Quintana  Roo  to 
such  an  extent  as  to  almost  prohibit 
the  development  of  railroads  and 
highways  has  its  opposite  extreme  in 
the  dry  desert  Northwest,  parts  of 
which  in  some  years  will  not  experi- 
ence a  single  shower.  The  soilless  pen- 
insula of  a  large  part  of  Yucatan  is  con- 
trasted to  the  heavy  organic  soils  on 
the  volcanic  slopes  of  Chiapas.  Mexico 
is  both  blessed  and  cursed  with  condi- 
tions which  make  for  almost  any  de- 
sired type  of  agricultural  and  related 
industrial  pursuit.  Out  of  these  ex- 
tremes the  present  Mexico  has  devel- 
oped and  on  them  she  proposes  to 
build  an  industrial  nation. 

Drawing  on  the  natural  resources  of 
the  country  the  conquerors  of  the  Az- 
tecs began  to  gather  in  the  wealth  of 
the  nation  by  drawing  not  only  on  the 
silver  mines,  but  also  by  taking  out 
precious  woods,  fibers,  fruits,  etc. 
Meantime  the  colonizers  began  culti- 
vating the  rich  soil  and  bringing  new 
industry  into  the  country.  Step  by  step 
one  industry  followed  another  to  sup- 
ply  the  needs   of   the  colonizers   and 
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provide   the   nucleus   of   her   present 
industry. 

Silver  has  been,  since  Cortez  rode 
into  Mexico  City,  the  major  industry 
supplying  a  large  part  of  the  needs  of 
the  United  States  for  this  metal.  Her 
oil  production  at  one  time  ranked 
third  among  the  nations  of  the  world. 
It  is  the  less  renowned  industries,  how- 
ever, upon  whicl)  she  intends  to  build 
her  future.  The  technical  evaluation 
of  four  of  these  industries  was  the  ob- 
jective of  an  extended  survey  made  by 
Armour  Research  Foundation  of  Illi- 
nois Institute  of  Technology^.  Various 
aspects  of  the  industries  of  solid  fuels, 
fibers,  hides  and  leather,  and  forest 
products  will  be  briefly  discussed. 

Solid  Fuels 

The  vast  developments  of  the  petro- 
leum industry  subordinated  the  posi- 
tion of  coal  within  the  Republic.  The 
nation's  known  coal  deposits,  which 
are  in  themselves  quite  large,  have 
been  almost  completely  ignored.  In- 
terest in  them  has  centered  in  the  na- 
tion's iron  and  steel  industry  which 
must  have  coke  for  its  operation.  Even 
these  interests  have  failed  to  explore 
and  evaluate  the  main  deposits. 

The  use  of  petroleum  fuel  in  indus- 
try is  contrasted  to  the  nation-wide  do- 


^  Technological  Audit  of  Selected  Mexican  Industriei 
tvith  Industrial  Research  Recommendations,  bv  Francis 
Godwin,  Milton  E.  Nelson  and  Roberto  Villasenor.  Armoui 
Research  Foundation  of  Illinois  Institute  of  Technology 
1*16,   Chicago,    Illinois. 


mestic  use  of  charcoal,  which  in  the 
highly  populated  areas  is  rapidly  de- 
pleting nearby  forests.  Efforts  are  be- 
ing made  to  curtail  the  use  of  charcoal 
and  replace  the  conventional  charcoal 
grill  with  kerosene  stoves.  The  ability 
to  modify  coal  to  produce  a  smokeless 
substitute,  coke  or  semi-coke,  that 
could  be  used  in  the  charcoal  stoves 
suggests  an  alternative  by  which  the 
resistance  of  tradition  could  be  over- 
come, at  the  same  time  avoiding  the 
necessity  of  a  sudden  change  to  new 
methods  of  cooking  which  would  be 
quite  radical  for  the  average  Mexican 
cook. 

As  an  industrial  fuel,  with  suitable 
mining  and  processing,  coal  may  pro- 
vide an  abundant  source  of  energy 
without  unnecessary  depletion  of  the 
nation's  petroleum  reserves.  The  qual- 
ity of  the  coal  can  be  improved  to  give 
an  ample  reserve  of  high-grade  coke 
required  by  the  steel  industry  and  at 
the  same  time  provide  valuable  by- 
products. 

Mexico  has  an  adequate  reserve  of 
fuels  which  if  properly  processed  can 
support  a  fairly  large  industrial  pro- 
gram. 

Fibers 

The  native  desert  plants  of  the  large 
arid  regions  of  Mexico  have  been  ex- 
ploited for  the  production  of  hard 
fibers.  Chief  among  these  are:  hene- 
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quen  ( A'^ave  fourcroydes),  lecliuguil- 
la  (Lonphauta  heterocantha).  ma- 
guey ( Agave  atrovirons),  palma  ( Sam- 
uela  carnerosa),  and  zacaton  or 
broomroot  (Epic  am  pes  macroura). 
HeneqiK-n  and  maguey  have  Ijeen  cul- 
tivated, the  latter  for  its  juice  ( agua 
miel )  whieli  is  the  fermentation  base 
for  the  national  drink  pulque,  rather 
than  for  its  fiber.  Lechuguilla,  palma 
and  zacaton  are  harvesleil  from  the 
natural  flora. 

Certain  parts  of  the  vast  desert  areas 
have  been  reclaimed  through  irriga- 
tion. The  Mexican  government  in  par- 
ticular has  spent  large  siuns  of  money 
in  building  dams  and  providing  irri- 
gation systems,  thus  bringing  fruits, 
vegetables  and  industrial  products 
from  the  great  barren  stretches  of  un- 
tillcd  land.  Cotton  to  supply  the  tex- 
tile   industry    is    a    product    of    these 
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Typical  desert  area  from  which  palma  and  lechuguilla  are 
gathered  for  their  fiber. 


The  fiber  ami  textile  industries  were 
perhaps  the  first  to  he  established  on 
a  large  scale  within  the  Republic.  To- 
day these  activities  constitute  the 
largest  single  specific  industrial  group 
in  the  country  and  employ  a  total  of 
over  78,0U0  persons.  The  majority  of 
this  group  are  employed  within  the 
cotton  textile  industry  with  lesser 
numbers  in  hard  fibers  and  wool. 

In  the  textile  industry  both  extremes 
in  manufacturing  exist.  In  some  areas 
the  country  is  provided  with  the  most 
modern  automatic  looms,  yet  it  is  not 
uncommon  to  observe  hand  spinning 
and  hand  weaving  operations  in  home 
industries.  Products  of  both  are  fre- 
quently seen  side  hy  side  in  the 
market. 

Textiles  produced  in  the  more  mod- 
ern plants  are  for  the  most  part  com- 
petitive with  imported  products.  The 
quantities  available  are  altogether  too 
small  to  meet  the  demand.  In  spite  of 
efforts  to  obtain  new  equipment  and 
to  train  personnel  to  operate  the  new 
equipment  progress  being  made  in  this 
industry  is  far  too  slow.  The  inclusion 
of  more  highly  trained  technical  per- 
sonnel could  contribute  to  accelerat- 
ing the  flow  of  improved  materials  to 
the  market. 

Mexico  is  one  of  the  world's  major 
producers  of  hard  fibers,  with  hene- 
quen  as  her  most  important  product. 
The  industries  in  the  Dutch  East  In- 


ilies.  Tanganyika.  Kenya,  and  flgan- 
da  stemmed  from  the  native  plants  of 
Yucatan.  At  one  time  the  major  world- 
production  of  hard  fil)ers  was  concen- 
trated in  this  Mexican  peninsula.  The 
growth  of  the  industry  in  British. 
Dutch,  and  German  African  colonies 
relegated  Mexican  i)roduction  to  a  less 
important  position.  (Iver  eighty  per 
cent  of  her  production,  however,  is 
used  in  the  United  States. 

Henequen  is  produced  on  a  planta- 
'ion  basis  utilizing  the  poor  soil  of 
Yucatan.  The  characteristics  of  the 
plant  are  such  as  to  permit  fairly 
healthy  growth  on  relatively  poor  soil. 
It  is  conceivable  that  enrichment  of 
the  soil  would  both  increase  the  yield 
of  fiber  and  perhaps  improve  its  char- 
acteristics. Reconnnendcd  exi)ansion 
of  technical  studies  in  this  field  could 
lead  to  developments  that  would  im- 
prove the  competitive  status  ol  this 
fiber. 

The  methods  of  separating  the  filjer 
from  the  leaf  have  hardly  been  im- 
proved since  the  development  of  a  de- 
corticating machine  made  the  large- 
scale  production  of  the  fiber  possible. 
A  new  machine  is  now  in  process  of 
development,  hut  its  operation  in  fiber 
production  has  not  been  tested.  The 
new  jtrinciple  of  defibration  involved 
could  lead  to  a  much  improved  prod- 


uct. The  henequen  fiber  is  a  long  stirt 
fiber  whose  characteristics  make  it 
particularly  useful  in  the  manufacture 
of  binder  twine.  As  rope  or  sackcloth 
its  stiffness  and  weight  prohibit  its 
successful  competition  with  such  oth- 
er fibers  as  manila  hemp  or  jute.  It 
has  been  reported  that  the  Germans 
successfully  split  the  fiber  and  pro- 
duced a  soft  flexible  fiber  comparable 
to  that  of  linen.  In  the  alisence  of  de- 
tails of  the  methods  employed,  re- 
search work  to  accomplish  this  effect 
and  expand  the  field  of  application  of 
henequen  is  justified.  Waste  products 
of  the  defibration  process  accumulate 
in  large  quantities.  On  the  assumption 
that  these  materials  may  contain  use- 
ful products,  research  work  is  being 
conducted  in  the  Lahoratorio  Analy- 
tico  de  Henequeneros  de  Yucatan.' 

The  production  of  other  hard  fibers 
in  Mexico  results  from  the  individual 
cxjjloitation  of  the  native  vegetation. 
Lechuguilla,  palma  and  zacaton  art- 
harvested  and  cleaned  hy  hand.  The 
first  two  involve  the  scraping  of  the 
pulp  from  the  fiber  by  hand  opera- 
tions in  which  the  leaf  is  dra^^^I  be- 
tween a  crude  knife  and  a  block  of 
wood.  After  drying  in  the  sun  the  fiber 
is  ready  for  processing.  All  of  the  i)al- 
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oia  and  part  oi  the  lechuguilla  is  uti- 
lized in  the  manufacture  of  bags  which 
are  somewhat  inferior  to  those  made 
of  jute.  The  better  grades  of  lechuguil- 
la are  manufactured  into  bristles  for 
brushes.  Some  are  treated  to  resemlile 
horse  hair. 

Zacaton  is  a  plant  root.  The  har- 
vested libers  are  bleached  and  manu- 
factured into  scrubbing  brushes  and 
similar  articles.  The  greatest  outlet  for 
these  has  been  Europe.  The  consump- 
tion in  the  United  States  has  been  rela- 
tively low. 

Maguey  fiber  is  obtained  from  the 
large  leaf  of  the  maguey  plant  usually 
cultivated  for  the  manufacture  of 
|)ulque.  The  thick  pulp  coating 
around  the  fibers  has  made  present 
methods  of  mechanical  defibration  im- 
practical. The  fibers,  therefore,  must 
be  obtained  by  scraping  the  pulp  from 
them  by  hand.  This  method  of  opera- 
tion seriously  limits  quantity  produc- 
tion. Mechanical  processes  of  separat- 
ing the  fibers  would  result  in  a  much 
increased  production  of  all  of  these 
fibers.  Frequently,  machines  have 
been  developed  to  accomplish  the  de- 
fibration, but  as  yet  none  have  been 
sufficiently  successful  to  be  of  great 
use. 

Other  fiber  plants  are  growing  wild 
in  Mexico  and  are  decorticated  for 
their  fibers  by  natives  of  the  areas  in 
which  they  are  abundant.  Some  of 
these  fibers  have  characteristics  supe- 
rior to  any  of  those  now  in  commercial 
production.  If  a  mechanical  process  of 
defibration  were  developed  one  fiber 
in  particular,  pita  de  oaxaca.  could  se- 
riously affect  the  hard  fiber  market. 

Hides  And  Leathers 

This  industry  is  a  picture  of  con- 
trasts. Tanning  factories  having  mod- 
ern equipment  and  modern  technics 
exist  almost  side  by  side  with  plants 
employing  ancient  methods.  Several 
modern  shoe  factories  may  be  found 
next  door  to  a  small  home  operation 
in  which  the  leather  is  sewed  and 
nailed  together  entirely  by  hand.  Vari- 
ous degrees  between  these  extremes 
are  existent.  The  quality  of  leather 
and  shoes  produced  is  just  as  variable 
as  the  factories.  A  fair  grade  of  sole 
leather  is  manufactured  in  Mexico  but 
the  upper  leather  is,  for  the  most  part. 


inferior  lo  imported  leather.  This  i.- 
one  industry  in  which  the  presence  of 
technically  trained  personnel  in  the 
plant  greatly  influences  the  quality  of 
its  products. 

There  is  considerable  room  for  im- 
[•rovement  within  the  tanning  indus 
try.  This  iniiirovement,  however,  must 
begin  in  the  field.  Tick  bites,  thorn 
and  wire  scratches,  and  butcher  cut? 
seriously  influence  the  characteristics 
of  the  leather.  Branding  practices  fre- 
quently render  a  major  part  of  the 
hide  useless.  Many  of  these  faults 
could  be  overcome  by  application  of 
recent  developments  in  the  field  of  in- 
seticides  and  more  interest  on  the  part 
of  the  cattleman  and  the  butcher  in 
the  ultimate  use  of  the  hide. 

The  tanning  operations  themselves 
call  for  increased  application  of  scien- 
tific knowledge  and  better  selection  of 
tanning  methods  and  materials.  Mod- 
ern tanning  equipment  would  also  be 
of  value.  A  much  better  procedure  of 
caring  for  hides  after  flaying  would 
relieve  defects  arising  from  putrefac- 
tive changes  in  the  skin. 

The  dominant  native  tanning  mate- 
rial is  obtained  from  the  cascaloti 
bean.  This  material  is  now  being  ex- 
tracted at  the  tannery  and  the  unstable 
extract  used  in  the  tanning  vats.  In 
some  instances  the  ground  or  un- 
ground  beans  are  added  directly  lo  the 
vats  or  drums.  A  method  of  extracting 
and  drying  the  tannin'  has  now  been 
developed  to  permit  the  tanner  to  pur- 
chase the  tannin  directly  and  to  add 
definite  quantities  of  the  extract  tn 
his  vats. 

Mexico  imports  a  number  of  mate- 
rials, used  in  the  tanning  operation, 
for  which  she  has  adequate  undevel- 
oped supplies  within  her  borders.  For 
some  of  these,  the  development  would 
be  relatively  simple;  for  others,  how- 
ever, an  extensive  research  and  devel- 
opment program  would  be  necessary. 
Studies  of  the  available  oils  are  being 
carried  out  at  the  Institute  of  Chemis- 
try of  the  National  University  of  Mex- 


'  This  process  «as  developed  by  Armour  Research  loun 
dalion  sponsored  by  the  Bank  of  Mexico.  Either  the  liquid 
or    solid    extract    can    be    produced. 

=  Technical  and  directional  assi-tance  has  been  pro>  idcd 
by    Armour    Rcsearh    Foundation. 


Forest  Products 

1  he  forest  area  of  Mexico  is  given 
as  approximately  fourteen  and  one- 
half  per  cent  of  the  area  of  the  Repub- 
lic. These  forests  vary  from  the  conifer 
forests  of  the  upper  plateaus  and 
mountains  to  the  tropical  forests  of 
the  humid  and  sub-humid  regions  of 
llie  southern  and  coastal  areas  of  the 
i-ountry. 

Lumber,  chicle,  essential  oils,  paper, 
naval  stores,  dyes  and  eandelilla  wax 
are  some  of  the  industrial  products  of 
the  forests.  By  far  the  largest  of  these 
is  lumber.  The  conifer  forests  have 
been  fairly  well  explored  and  laws 
regulating  cutting  are  controlling  the 
rate  of  utilization  of  these  forests. 

The  tropical  and  semitropical  for- 
ests, on  the  other  hand,  contain  wood? 
of  unknown  types  and  quantities 
whose  systematic  exploitation  could 
be  a  valuable  source  of  income  to  the 
nation.  Studies  of  the  characteristics 
of  these  woods  are  in  order,  to  avoid 
the  unnecessary  overcutting  of  Mex- 
ico's hardwood  forests.  The  common 
practice  of  logging  in  tropical  forests 
is  somewhat  different  from  that  in  con- 
ifer forests.  Here  the  forest  po])ulation 
is  not  predominantly  a  single  type  of 
tree,  but  a  heterogeneous  mixture  oi 
a  great  many  varieties  with  the  de- 
sired wood  spotted  only  here  and 
there  in  the  entanglement.  The  opera- 
tor selects  the  trees  he  desires  and 
leaves  the  remainder,  not  injured  or 
destroyed  by  the  operations,  standing 
With  a  more  complete  knowledge  of 
the  characteristics  of  the  remaining 
trees  it  may  be  possible  to  enlarge  the 
operations  and  supply  other  materials 
to  industry.  Some  progress  has  been 
made  in  the  analysis  of  Mexican  for- 
ests, but  many  years  of  work  remain 
to  be  done. 

Although  the  country  is  a  producer 
of  tropical  hardwoods,  the  major  por- 
tion of  this  lumber  is  exported  for  fab- 
rication into  finished  goods.  Expan- 
sion of  this  phase  of  the  industry 
would  increase  Mexico's  income  from 
this  resource. 

Considerable  care  is  now  taken  in 
the  production  of  chicle  to  maintain  a 
continued  supplv  although  much  de- 
struction of  the  forests  was  experi- 
enced in  the  early  days  of  the  industry. 
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REPRESENTATIVE 
PRODUCTS  IN  WHICH 
S.S.WHITE  FLEXIBLE 
SHAFTS  ARE  USED 
AIRCRAFT 
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INPUSTRY  USES 

wdUcM^  <^  (eet  o( 
SSmmniXIBLESHAFW 

Yes,  S.S.White  flexible  shafts  are  among  the 
most  useful  of  basic  mechanical  elements.  The 
partial  list  at  the  left  will  give  you  a  good 
idea  of  the  many  different  products  in  which 
they  play  a  part. 

And  here  is  the  reason  for  this  extensive  use 
—  S.S.White  flexible  shafts  provide  engineers 
with  a  simple,  practical  answer  to  two  prob- 
lems which  come  up  again  and  again  in  the 
design  of  mechanical  products- 
ID   The     problem     of    transmitting     rotational 

power    around    turns    and    in    paths    other 

than  straight  lines. 

12)   The  problem  of  mechanical  remote  control. 

S.S.White  flexible  shafts,  in  both  the  power 
drive  and  remote  control  types,  come  in  a 
large  selection  of  diameters  and  characteris- 
tics to  meet  a  wide  range  of  requirements.  En- 
gineers will  And  it  helpful  to  be  familiar  with 
the  range  and  scope  of  these  "Metal  Muscles" 
for  mechanical  bodies. 


WRITE     FOR     BULLETIN    4501 

It  gives  basic  facts  and  technical 
data  about  flexible  shafts  and  their 
application.  A  free  copy  will  be 
mailed  to  you  for  the  asking. 
Please  mention  your  college  and 
course    when   you   write. 
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S.S.WHITE 


THE  S.  S.  WHITE  DENTAL  MFG.  CO. 


INDUSTRIAL 


^ 


DIVISION 

— —    DEPI.C,    10   EAST   40lh    ST.,  NEW  YORK    16,  N.V.   ^ 

tliXrill   5M«FH       .       FIEXIIIE   SM«n  lOOlJ       .       AKCIAM   ACCEStOIICI 
MOIMD   lESinOCS      -      PLASnC   SPECIAITIES      •      CONTIAC1    PLASTICS   MOIOINQ 

Cue  o^  /4uteniccu  A  AAA  ^KcieMtnial  Sttenptc4e4 


It  is  important  to  mention  the  ex- 
ploitation of  giiayule  as  a  source  of 
rubber  during  the  war.  Basing  its  ac- 
tivities on  the  wild  growth  of  this 
shrub,  several  plants  were  operated  to 
hclj)  produce  the  needed  rubber.  The 
operation  of  these  plants  during 
peace-time  on  the  same  basis  is  not 
considered  an  economical  practice. 

Technical  Personnel 

The  supply  of  technical  personnel 
in  Mexican  industry  relative  to  the 
needs  is  low.  but  relative  to  the  de- 
mand it  is  high.  The  slow  rate  at  which 
industry  is  realizing  the  need  for  tech- 
nologists has  affected  the  educational 
system.  The  University  has  produced 
some  of  the  liest  theoretical  men  in  the 
world.  Init  at  the  expense  of  practical 
industrial  technologists.  The  scientifi- 
cally trained  man,  unable  to  find  re- 
ception for  his  training  in  industry, 
turns  to  the  theoretical  aspects  of  his 
subject.  Developments  of  this  type  are 
essential  to  the  j)rogress  of  science  and 
play  an  important  role  in  uncovering 
fundamental  concepts  in  the  sciences, 
])ut  they  do  not  contribute  greatly  to 
the  industrialization  of  a  country.  The 
present  trend  in  education,  however, 
has  a  strong  leaning  towards  techno- 
logical training  as  exemplified  by  the 
teclinological  institutions  of  the  coun- 
try. 
See  A.R.F,  on  page  58 
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The  Professional  Man's  Education 
For  Citizensiiip 


By    JOHIS    DAY    L  A  R  K  I  !\ 


The  industrial  revolution  has  final- 
ly overtaken  higher  education  in 
America.  Some  educators  seem  to  de- 
plore this,  but  it  is  a  fact  to  be  reck- 
oned with.  The  whole  academic  fra- 
ternity has  been  undergoing  a  deal  of 
self-analysis  during  recent  years  if  we 
may  judge  by  the  volumes  that  have 
been  published  in  defense  of  liberal 
education,  the  committee  studies  and 
reports  on  post-war  plans  at  various 
universities,  and  the  numerous  public 
addresses  of  leaders  in  the  educational 
field.  Despite  all  this  soul-seai'ching  on 
the  part  of  the  practitioners  in  the 
field  of  higher  education,  there  seems 
to  be  less  and  less  agreement  on  meth- 
ods, aims  and  ends.  In  so  far  as  gen- 
eralization is  possible,  the  most  con- 
troversial aspect  of  all  this  is  the  prob- 
lem of  general  education  versus  voca- 
tional and  professional  training  at  the 
regular  college  level. 

This  is  not  new,  of  course.  But  the 
divergence  seems  to  have  become  more 
pronounced.  Should  education  be  gen- 
eral? Should  we  give  young  people  a 
thorough  grounding  in  the  classics 
(i.e.  the  Great  Books)  or  should  we 
train  them  for  a  vocation  or  a  pi'ofes- 
sion  purely  in  terms  of  present-day 
problems?  The  Great  Books  expo- 
nents maintain  that  by  getting  a  thor- 
ough understanding  of  a  numl)er  of 
the  classics  one  has  a  broad  founda- 
tion for  leadership  and  that  this 
should  be  obtained  before  one  special- 
izes. It  is  customary  in  the  circles  of 
the  Great  Books  advocates  to  look 
with  a  patronizing  air  of  suspicion — 
if  not  contempt — upon  any  profession- 
al training  that  is  not  grounded  in  four 
years  of  basic  arts  and  science  training 
and  topped  off  with  a  superstructure 


of  three  years  of  graduate  work  in  one 
of  the  bigger  universities.  As  one  who 
has  gone  through  tliis  kind  of  academ- 
ic discipline,  I  am  not  the  one  to  turn 
and  sneer  at  such  intellectual  snob- 
bery. However,  I  should  like  to  make 
a  few  passing  obsei-vations  on  the 
problems  in  our  times. 

Education  for  a  democracy  such  as 
ours  calls  for  training  of  varied  types; 
and  yet  all  of  us  are  citizens  and  have 
a  common  responsiltilitv  as  citizens. 
Ours  is  a  scientific  and  technological 
society  which  because  of  its  very  com- 
plexity requires  specialization.  Our 
enormous  productive  process  rests 
upon  an  army  of  trained  experts,  each 
fitted  into  his  place  like  the  cogs  in  a 
delicate  machine.  These  experts  would 
not  be  at  hand  if  we  had  to  put  every- 
body through  the  same  type  of  lengthv 
educational  process.  Modern  science 
and  technology  can  function  and  prog- 
ress to  its  greatest  efficiency  and  great- 
est good  only  through  a  widespread 
dissemination  of  educational  o])portu- 
nities.  To  make  education  and  train- 
ing widespread  it  must  have  variety. 
It  must  meet  and  sustain  diverse  ends. 
But  in  diversifying  our  training  we 
must  not  narrow  each  field  of  speciali- 
zation to  such  a  degree  as  to  lose  sight 
of  our  common  heritage  or  our  com- 
mon problems  as  citizens. 

We  have  no  quarrel  with  those  wlio 
advocate  the  reading  of  Great  Books, 
except  in  the  matter  of  their  insistence 
that  those  immediately  out  of  high 
school  be  given  this  heavy  dose  of  an- 
tique learning  as  a  prerequisite  to  any 
kind  of  professional  training.  There  is 
as  much  danger  in  thinking  that  the 
reading  of  a  number  of  masterj)ieces 
in  the  humanistic  fields  of  philosophy 


and  literature  (or  even  of  past  scien 
tific  masterpieces)  is  the  whole  of  a 
lijjeral  education  as  there  is  in  going 
to  the  opposite  extreme.  It  has  been 
said  that,  "Education  is  designed  to 
render  men  at  once  disciplined  and 
free,  disciplined  to  understand  the  na- 
ture of  the  world  and  the  society  of 
which  they  are  a  part,  free  by  their 
competence  and  discrimination  and 
range  of  feeling  and  thought  to  make 
intelligent  choices." 

For  this  there  is  no  question  that  the 
masterpieces  of  literature  are  great  re- 
sources. They  embody  in  the  accents  of 
genius  the  distinct  voices  in  which  the 
human  spirit  has  spoken  at  various 
periods  and  in  various  contexts  of  his- 
tory. But  these  are  not  the  only  in- 
struments of  imaguuition  and  under- 
standing. They  are  not  liberating  to 
the  spirit  of  men  in  our  time  if  they 
are  approached  as  if  they  ivere  a  set  of 
sacred  and  finished  doctrines  to  be 
stressed  as  the  final  repositories  of 
uisdom.  Nor  should  these  great  books 
be  approached  as  though  they  were 
addressed  to  no  generation  in  particu- 
lar. The  works  of  Plato  and  Aristotle 
were  written  by  Athenians,  written  in 
the  context  of  a  great  society  and  with 
that  society  as  its  audience.  These 
writings  are  not  always  fully  under- 
stood when  taken  out  of  their  social 
context — apart  from  tlie  arts  and  sci- 
ences of  their  day.  The  same  may  be 
said  of  the  writings  of  Dante,  St. Thom- 
as, and  a  host  of  others.  It  is  doubtful 
if  even  the  above-average  high  school 
graduate  of  today  can  read  such  clas- 
sics with  the  fullest  possible  compre- 
hension or  appreciation. 

An  active,  flourishing  and  aggres- 
sive vocational  and  professional  edu- 
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THIS  isn't  a  fashion  picture  today,  nor 
was  it  in  1896  when  it  appeared  in 
newspapers  all  over  the  world.  But  this 
picture  prompted  a  London  department 
store  to  take  advantage  of  the  occasion 
by  advertising  and  selling  "x-ray  proof 
dresses." 

It  was  also  reported  that  x-rays  would  be 
used  by  medical  colleges  to  implant  ana- 
tomic diagrams  directly  into  the  brains 
of  future  doctors.  And  some  people  sug- 
gested the  whole  business  be  forgotten 
before  the  new  rays  brought  about  the 
total  destruction  of  mankind. 

Such  was  the  popular  reception  accorded 
Roentgen's  discovery  of  the  x-ray  50 
years  ago.  Few  people,  even  scientists, 
could  foresee  that  within  a  half  century 


this  discovery  would  become  a  major 
weapon  against  disease,  and  an  industrial 
tool  that  would  help  win  World  War  II. 
Corning  first  appeared  in  the  "x-ray  pic- 
ture" some  30  years  ago,  when  the  de- 
velopment of  this  science  seemed  to  be 
reaching  its  limit  unless  tubes  could  be 
produced  of  a  glass  capable  of  high  trans- 
mission of  x-rays  and  capable  of  with- 
standing extreme  heat  and  high  voltages 
for  long  periods  of  service.  Here  is  where 
Corning  skill  was  instrumental  in  fur- 
nishing bulbs  to  x-ray  tube  manufacturers, 
just  as  it  has  furnished  glass  with  special 
properties  for  countless  other  fields 
...  all  the  way  from  elaborate  labor- 
atory apparatus  to  glass  cooking 
utensils,  from  giant  airway  beacon 


lenses  to  an  all-glass  pump  for  handling 
corrosive  acids.  Corning,  with  its  years 
of  experience,  is  anxious  to  help  you 
learn  allaboutglass  today.  For  tomorrow, 
that  knowledge  will  come  in  handy  on 
your  new  job.  Why  not  write  us.'  Corning 
Glassworks,  Corning,  N.  Y. 
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vatioii  has  developed  in  (he  Uniteil 
States.  It  is  here  to  meet  the  needs  of 
our  society.  And  it  is  making  a  real 
contribution  to  the  intellectual  and 
cultural  life  of  today.  Some  of  the  best 
teaching  in  this  country  has  been  in 
first-rate  engineering  schools.  Many 
colleges  and  universities  are  realizing 
the  necessity  of  providing  professional 
curricula  at  the  undergraduate  level 
while  at  the  same  time  continuiug  gen- 
eral education  in  the  arts  and  sciences. 

Since  the  professional  and  vocation- 
al schools  have  made  such  rapid  prog- 
ress in  recent  years  (in  the  matter  of 
preparing  young  people  to  fit  into  the 
scheme  of  things  in  our  times)  the  tra- 
ilitional  liberal  arts  college  has  been 
put  on  the  defensive.  Many  young  peo- 
ple, who  do  not  expect  to  become 
teachers,  find  that  they  cannot  afford 
the  luxury  of  a  full  four-vear  liberal 
arts  course  before  getting  on  with  their 
special  training  for  the  type  of  thing 
they  hope  to  do.  Time  is  of  the  essence. 
Thus  we  have  vocational  schools,  and 
we  have  professional  training  schools, 
in  law,  in  engineering,  in  medicine  and 
its  allied  fields,  making  a  sincere  ef- 
fort to  compress  a  background  of  gen- 
eral education  plus  professional  train- 
ing into  a  period  of  four  or  five  years. 
The  University  of  Chicago's  plan  of 
attempting  to  compress  the  substance 
of  general  education  into  two  years  in- 
stead of  four,  so  that  those  who  qualify 
may  get  on  with  their  professional 
study,  and  those  who  do  not  qualif> 
may  get  out  early,  is  but  a  part  of  this 
general  trend. 

In  some  instances  the  vocational 
and  technological  schools  have  gone 
to  the  opposite  extremes  as  compared 
with  the  older  arts  colleges.  They  have 
lost  sight  of  fundamental  education. 
They  have  carried  their  specialties  to 
such  extremes  that  while  they  might 
be  said  to  be  training  centers,  they 
could  hardly  be  called  institutions  of 
higher  learning.  This  has  resulted  in 
a  tragic  separation  in  our  society  be- 
tween what  we  generally  regard  as  lib- 
eral education — the  genteel  education 
originally  intended  for  the  leisure  class 
— and  the  technical  training  designed 
for  ad  hoc  experts,  prepared  to  do  the 
technical  but  complex  jobs  of  a  mod- 
ern industrial  and  mechanical  societv. 


The  results  of  this  separation  have 
been  rather  shocking,  and  undemo- 
cratic. Such  narrow  scientific  training 
has  produced  a  class  of  purely  me- 
chanical experts.  And  the  so-called  lib- 
eral arts  training  has  often  produced 
a  group  whose  thinking  is  so  em- 
bedded in  the  past  and  so  lacking  in 
a  comprehension  of  the  science,  tech- 
nology, and  economy  of  our  day  thai 
there  is  an  impassable  gulf  between 
the  two. 

In  short,  the  liberal  arts  training 
was  designed  for  the  patrician  of  an- 
other day.  It  was  training  for  the  lei- 
sure class  at  a  time  when  there  was  an 
established  social  order  that  recog- 
nized a  leisure  class.  Its  most  ardent 
exponents  and  supporters  today  are  to 
be  found  within  and  on  the  fringe  of 
our  more  conservative  social  groups 
whose  thinking  is  embedded  in  what 
they  fondly  refer  to  as  "the  good  old 
days."  At  the  same  time,  the  pressure 
of  economic  circumstance  generall) 
forces  the  children  of  the  less  affluent 
to  seek  short  cuts  to  remunerative  em- 
plovnient.  The  consequence  of  the  lat- 
ter is  a  very  abbreviated  trade  train- 
ing, or  a  vocational  schooling  of  a 
more  extended  sort,  depending  upon 
the  ambition  and  energy  of  the  younj; 
person  involved.  At  any  rate,  the  pre- 
sumption is  sometimes  held  that  this 
segment  of  our  society  is  not  expected 
to  take  part  in  community  leadershiji 
and  the  full  responsibilities  of  citi- 
zens. At  best  this  set  of  circumstances 
is  perpetuating  a  division  in  our  edu- 
cation, in  our  social  order,  and  in  our 
thinking,  which  is  neither  wholesome 
nor  democratic. 

American  education  must  find  a 
way  to  bridge  this  gap.  We  cannot 
continue  as  a  house  divided.  Our 
young  people  of  all  occupations  are 
active  citizens.  That  is  to  say,  they  lake 
their  places  in  their  professional  and 
civic  organizations,  in  clubs,  in  reli- 
gious groups,  in  political  organiza- 
tions, and  in  trade  associations.  And 
through  these  the  culture  of  our  day 
is  being  shaped  and  reshaped.  The 
time  when  the  affairs  of  state  were  left 
to  the  patrician  is  past.  Today  we 
know  that  our  civic  leaders  spring 
from  the  ranks  of  organized  labor, 
from  business  associations,  and  from 
every  phase  of  our  social  and  econom- 


ic life.  Leaders  in  these  fields  must  pos- 
sess the  attributes  of  statemen.  The> 
sometimes  have  hundreds  of  thou- 
sands, or  even  millions  of  followers. 
And  these  followers  vote  not  only  in 
their  respective  organizations  but  alfu 
in  public  elections.  Through  these 
large  blocks  of  voting  citizens  such  or- 
ganizational leaders  wield  the  power 
that  was  once  the  power  of  kings.  It  is 
the  sovereign  power,  the  power  of 
freedom  or  slavery,  the  power  of  good 
or  evil,  the  power  of  peace  or  war. 
Thus,  when  we  are  educating  trades- 
men we  are  educating  citizens.  When 
we  educate  citizens,  of  whatever  walk 
in  life,  we  are  educating  potential 
counsellors  of  state,  if  not  the  ver\ 
statesmen  themselves. 

He  is  a  stupid  fellow  today  who  doe? 
not  recognize  that  every  act  of  govern 
ment  —  whether  legislative,  executive 
or  judicial — has  the  effect  of  divert- 
ing funds  from  the  pockets  of  one  in 
dividual  or  group  of  individuals  to  the 
pockets  of  another  individual  or 
group.  Knowing  this  we  are  not  con 
tent  to  leave  all  matters  of  state  to  the 
privileged  few,  as  was  the  practice  a 
century  and  a  half  ago.  Thus  it  be- 
hooves us  as  citizens  to  become  fam- 
iliar not  only  with  the  tools  of  our 
trade  but  also  with  the  socio-economic 
and  political  factors  of  our  world. 

There  has  been  much  criticism  in 
recent  months  of  the  selfishness  of  spe- 
cial interest  groups,  groups  which  have 
put  forth  pressure  in  Washington,  and 
elsewhere,  to  have  the  instruments  of 
government  divert  more  of  this  couu 
try's  worldly  goods  into  their  hands 
But  this  is  not  new.  The  practice  is  ar 
old  as  government  itself.  Each  age  and 
each  generation  faces  the  problem  in 
a  different  form.  Once  the  lords  and 
masters  wielded  the  power,  exploited 
the  weak  and  had  the  recalcitrant  pun- 
ished. They  enjoyed  the  leisure.  The^ 
controlled  the  purse  strings.  They  had 
the  power  largely  to  determine  mat- 
ters of  public  policy.  Today  these  di.-- 
tinguished  gentlemen  have  been  su- 
perseded in  affairs  of  state  by  collec- 
tive groups — by  the  "farm  bloc",  by 
the  manufacturers  associations,  by  vet- 
erans organizations,  by  powerful  labor 

See  PROFESSIONAL  on  page  54 
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Incentives  To   Production 


By  HENRY  P.  DLTTDN 


Interest  in  incentive  plans  of  wage 
payment  seems  to  be  perennial;  pa- 
pers were  written  on  wages  in  the 
eighties  and  have  continued  ever  since 
to  occupy  the  attention  of  the  engi- 
neering societies.  Fortunes  have  been 
made  by  men  with  incentive  systems 
to  sell;  apparently  long  experience  in 
running  a  factory  does  not  lead  to  con- 
fidence in  one's  ability  to  deal  with  the 
problem. 

In  spite  of  a  half-century  of  study 
and  attention,  there  never  was  a  time, 
perhaps,  during  this  period  when  we 
seemed  farther  from  a  satisfactory  so- 
lution, or  at  least,  when  there  was  so 
little  general  response  to  increased  pav 
in  increased  output.  Part  of  this  un- 
rest and  dissatisfaction  with  the  exist- 
ing scheme  of  things,  and  unwilling- 
ness to  fit  into  that  scheme,  is  of  course 
the  disillusion  which  always  follows  a 
great  war.  During  that  war,  we  reas- 
sured ourselves  by  saying  that  we  were 
fighting  for  a  better  world,  and  we  find 
ourselves  with  the  same  old  world,  as 
full  as  ever  of  ])roblems  and  limita- 
tions. But  labor  unrest  did  not  start 
with  the  World  War,  first  or  second. 

It  is  difficult  to  conceive  of  a  world 
this  side  of  Heaven  in  which  there 
would  be  no  wage  disputes.  No  prin- 
ci-jile  for  the  division  of  the  fruits  of 
labor  can  lie  laid  down  which  will  sat- 
isfv  evervbodv:  even  the  communists 
had  to  abandon  their  slogan,  "to  each 
according  to  his  need,  from  each  ac- 
cording to  his  powers,"  in  favor  of  a 
piece  rate  or  similar  system. 

Chester  Barnard  in  The  Function  of 
the  Executive  points  out  that  in  any 
cooperative  human  undertaking, 
whether  a  business,  a  government,  or 
a  church,  the  rewards  which  the  exec- 


utive can  bestow  on  the  workers  are 
limited,  and  must  compete  for  the  al- 
legiance of  the  worker  with  the  incen- 
tives offered  by  other  institutions.  The 
executive,  then,  is  constantly  faced 
with  the  problem  of  using  every  pos- 
sible incentive  offered  by  the  business 
— money,  prestige,  praise,  interest  in 
the  job,  public  recognition,  as  well  as 
such  negative  incentives  as  the  fear  of 
punishment,  to  induce  cooperation. 
Since  the  productivity  of  an  enterprise 
is  limited,  he  must,  in  general,  if  the 
returns  are  to  balance  the  outgo,  dis- 
])urse  these  awards  with  a  calculated 
care.  He  may  appear  to  be  generous  in 
his  pay  scale,  but  while  the  generosity 
may  spring  from  an  impulse  to  reward 
his  companions  in  the  venture,  one  is 
likely  to  find  that  it  also  pays  divi- 
dends, for  in  general,  low  cost  per  unit 
of  output  is  likely  to  be  associated 
with  high  daily  earnings. 

The  writer  of  this  article  has  no  sim- 
ple proposal  for  curing  wage  disputes 
and  failures  of  incentive,  for  these  dif- 
ficulties are  inherent  in  the  nature  of 
man.  whose  desires  are  limitless  in  a 
limited  world.  But  the  writer  is  con- 
vinced that  we  often  fail  to  get  the 
most  good  from  the  wages  we  do  pay. 

One  of  the  commonest  troubles  is 
the  attempt  to  substitute  a  formula  for 
a  sympathetic  attempt  to  understand 
the  other  man's  point  of  view  and  the 
things  that  are  important  to  him.  It 
is  relatively  simple  to  time-study  a 
jol)  and  set  a  piece  rate,  and  it  seems 
as  though,  when  a  man's  pay  depends 
on  his  own  efforts,  he  should  have 
every  incentive  to  produce.  It  looks 
like  a  good  solution  and  many  an  em- 
ployer still  cannot  understand  what  is 
wroni:  with  it. 


In  the  early  part  of  the  century, 
when  we  were  just  beginning  to  ap- 
preciate the  wonders  of  chemistry,  sci- 
entists figured  out  the  carbohydrates, 
fats  and  proteins  necessary  to  support 
the  activities  of  the  body;  a  diet  satis- 
fying these  requirements  was  an  ade- 
quate diet  according  to  the  standards 
of  that  day.  That  such  a  diet  could  re- 
sult in  low  vitality  and  resistance  to 
disease  and  in  lowered  energy  was 
known,  but  not  understood  until  fur- 
ther researches  led  to  the  discovery  of 
vitamins  and  other  substances  whose 
presence,  even  though  only  in  ex- 
tremely small  amounts,  was  necessary 
to  health.  Perhaps  it  is  time  to  give 
attention  to  the  '"vitamins"  in  working 
relations. 

Before  we  do,  let  us  re-examine  the 
old  wage  formulas.  The  oldest  of  them 
is  day  rate,  a  sort  of  commutation  of 
the  ancient  reciprocal  obligations  of 
sovereign  or  master  and  subject,  serf, 
or  yeoman.  The  worker  undertakes  to 
perform  a  certain  service  in  return  for 
a  fixed  wage.  In  itself,  the  day  wage 
offers  stimulus  to  production  only  be- 
cause if  one  does  less  than  the  employ- 
er expects,  one  will  lose  his  job.  There 
is  no  special  automatic  recognition  of 
performance  beyond  this  minimum, 
although  in  the  hands  of  a  discrimi- 
nating boss  who  uses  promotion  and 
praise  or  just  criticism  where  they  are 
deserved,  workers  under  day  rate  may 
have  a  fairly  effective  stimulus  to 
productivity. 

Professors  generally  work  on  a  time 
rate  system,  and  while  the  writer 
would  be  the  last  to  assert  that  all  pro- 
fessors are  high  producers,  some  of 
them  and  of  the  scientific  workers  who 
commonly  are  similarly  paid,  reach  at 
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limes  a  very  high  productivity.  In  gen- 
eral it  may  he  said  that  when  a  man's 
work  is  interesting  and  constitutes  in 
itself  a  stimulus  to  productivity,  the 
financial  relationship  may  usually  be 
adequately  taken  care  of  by  a  fixed 
wage,  commensurate  with  the  custom- 
ary income  of  the  class,  equal  to  what 
others  woidd  he  willing  to  pay  the 
same  individual  or  type  of  worker,  hut 
not  directly  related  to  productivity. 
Productivity  is  further  rewarded  by- 
periodical  promotions  as  deserved,  by 
professional  recognition  and  Ijy  vari- 
ous non  -  financial  compensations. 
When  a  man's  work  is  interesting 
enough,  he  works  best  when  he  can 
forget  extraneous  financial  worries 
and  concentrate  on  the  thing  that  in- 
terests him. 

A  majority  of  executives  and  pro- 
fessional and  sub-professional  work- 
ers are  paid  on  a  time  liasis.  It  is  very 
questionable  practice,  for  example,  to 
pay  time  study  men  on  the  Ijasis  of 
savings  made.  First,  doing  so  puts  them 
under  temptation  to  take  short-cuts 
which  later  lead  to  trouble;  second, 
the  work  is  so  interesting  to  a  good 
time  study  man  that  you  don't  need 
to  pay  him  extra  for  doing  his  I)est. 

The  enterpriser,  the  man  who  starts 
the  business  and  takes  the  risks  in 
hope  of  profits,  is  of  course  on  a  sort 
of  incentive  system,  maybe  a  piece 
rate.  But  to  him,  profits  (nice  in  them- 
selves, of  course),  are  in  some  sense  a 
measure  of  a  dream  come  true — pow- 
er, security,  prestige,  ammunition  for 
further  developments,  or  the  reward 
of  the  successful  trader.  These  men 
picture  others  as  motivated  by  the 
same  drives  that  animate  them. 

But  the  average  worker  does  not 
dream  the  dreams  of  the  entrepreneur. 
He  knows,  of  course,  that  he  has  a 
chance,  if  he  was  born  in  the  United 
States,  of  one  day  becoming  its  presi- 
dent. But  he  does  not  fit  his  life  plan, 
very  often,  around  the  hope  of  being 
president.  He  wants  to  earn  as  much 
as  he  can,  of  course,  l)ut,  in  most  cases 
he  no  more  dreams  of  establishing  his 
own  business  and  becoming  rich  there- 
by, than  he  does  of  becoming  presi- 
dent. What  he  wants  is  as  secure  a  job 
and  income  as  he  can  get,  the  ability 
to  live  as  well  as  his  neighbors,  the 
feeling  that  he  is  "adjusted"  and  se- 


cure and  reasonably  recognized  in  his 
community  of  family,  neighbors,  fel- 
low-workers, and  other  associates. 

Piece  rate,  perhaps  the  second  old- 
est plan  of  wage  payment,  can  meet 
these  Ijasic  needs  as  well  as  dav  rate  if 
it  provides  equal  security  and  pay. 
Furthermore,  piece  rate  is  usually  pre- 
ferred to  day  rate  by  workers  when  it 
lias  their  confidence.  But  piece  rate, 
and  for  that  matter,  almost  any  incen- 
tive svstem,  suffers  from  several  weak- 
nesses that  may  cause  serious  trouble 
in  inexpert  hands. 

The  basic  principle  of  piece  rate  is 
that  one  takes  the  prevailing  rate  of 
pav  for  an  occupation,  $1.00  per  hour 
or  whatever  it  may  be.  and  determines 
the  output  of  the  normal  worker  on 
the  particular  job.  Thus,  if  the  rate  is 
SI. 00  and  the  normal  output  is  100 
pieces  per  hour,  then  the  piece  rate 
would  be,  let  us  say,  one  cent  per  unit. 

All  this  is  clear  enough.  The  trouble 
is  with  the  definition  of  "normal  out- 
put". In  a  day  rate  shop,  high  output  is 
sometimes  secured  by  urging,  nagging 
and  close  supervision,  good  or  ])ad. 
But  often  the  management,  and  for 
that  matter  perhaps  the  workers  them- 
selves, have  no  idea  liow  much  more 
could  be  done,  without  undue  fatigue, 
were  there  a  real  incentive  to  turn  out 
the  work.  So  when  piece  rates  are  put 
in,  it  very  soon  becomes  clear  to  man- 
agement that  they  guessed  very  wrong 
on  the  rates.  In  one  shop,  rates  were 
set  so  that  tiie  men  would  have  to  turn 
out  twenty-five  per  cent  more  work  to 
earn  the  same  money,  on  the  assump- 
tion that  there  would  be  some  increase 
of  output.  The  men  struck,  and  were 
replaced  by  unskilled  novices,  who 
very  shortly  presented  management 
with  a  new  problem ;  not  knowing  how 
little  one  did  for  a  day's  work,  they 
were  earning  four  times  the  previous 
wage  of  the  skilled  man. 

Here  is  the  basic  problem  of  incen- 
tives, to  determine  what  is  a  "fair  day's 
work  ".  Of  course,  when  management 
found  that  it  could  get  five  times  the 
previous  production  they  cut  the  rate. 
Why  should  they  pay  SIO  per  day 
when  (at  that  time)  they  could  have 
gotten  the  work  done  for  $2.50  l)y  fir- 
ing the  present  crew  and  starting  an- 
other at  the  lower  rates?  It  was  more 
sensible  to  cut  the  rate. 


This  sort  of  thing  has  happened  in- 
numerable times;  it  has  become  part 
of  the  background  of  belief  of  the  la- 
boring man.  If  you  have  to  play  a 
guessing  game  with  management,  it  is 
better  not  to  show  all  your  cards.  Men 
soon  know  about  what  maximum  earn- 
ings the  management  will  tolerate,  and 
regulate  their  pace  accordingly. 

In  every  group  of  workers  there  are 
likely  to  be  one  or  more  who  do  not 
see  why  they  should  regulate  their 
earnings  to  fit  the  accepted  shop  pace. 
They  need  the  money  or  are  ambi- 
tious. When  management  reviews  the 
earnings  of  the  crew,  the  wages  of 
these  men  give  a  very  clear  indication 
of  what  others  could  do  if  they  were 
minded.  Similarly,  when  a  time  study 
is  being  made,  many  workers  are 
tempted  to  show  how  good  they  are; 
unconsciously,  they  turn  out  a  better 
than  normal  output.  As  a  result,  they 
and  their  fellow-workers  eventually 
find  to  their  sorrow  that  the  only  re- 
sult of  this  diligence  is  that  they  are 
expected  to  keep  it  up  all  the  time. 

Naturally,  the  need  to  prevent  a  bot- 
tomless cutting  of  rates  is  to  get  to- 
gether, agree  on  how  much  shall  be 
done,  and  take  measures  to  see  that  no 
one  endangers  the  safety  of  all. 

In  every  group  there  are  some  who 
work  exceptionally  fast,  as  well  as 
some  slow  ones.  It  is  a  pity  that  all 
must  be  held  to  the  pace  of  the  aver- 
age or  a  little  below,  but  self-protec- 
tion comes  first. 

Naturally,  there  have  been  attempts 
to  break  this  vicious  circle.  Frederick 
Taylor,  and  many  since  his  time,  have 
reasoned  that  for  a  given  task  there  is 
a  normal  time  of  performance.  Gil- 
breth"s  therbligs  or  motion  elements 
have  been  timed ;  two  people  perform- 
ing the  motion  element  "transport 
loaded"  in  the  same  way  should  take 
about  the  same  time.  After  all,  the 
arm,  for  example,  is  a  mechanical 
member;  if  a  normal  or  average  force 
is  applied  to  it,  it  will  accelerate  and 
travel  a  given  distance  in  a  given  time. 

If  one  were  to  break  a  task  into  ele- 
ments and  time  the  elements,  usiny 
tables  of  normal  times,  it  should  l)e 
possible  to  predict  the  time  required 
for  the  operation,  without  the  neces- 
sity of  timing  it,  except  as  an  overall 
check. 
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There  is  promise  in  this  approach, 
hut  it  also  presents  many  difficuhies. 

Only  in  extensive  operations,  often 
repeated,  would  the  expense  of  a  thor- 
ough analysis  justify  itself.  For  less 
costly  studies,  the  estimator  would  he 
driven  to  guesswork  and  approxima- 
tions, in  which  the  allowed  times  for 
certain  elements  would  at  best  he 
"hench  marks"  hy  which  to  gauge,  by 
comparison  of  the  times  on  a  few 
known  elements,  the  accuracy  of  other 
parts  of  the  study. 

Such  standard  times  need  also  the 
prestige  of  some  recognized  national 
hody,  supported  hy  labor  as  well  a;^ 
management,  if  they  are  to  have  the 
confidence  which  will  remove  from  the 
worker's  mind  the  extreme  reserve 
with  which  the  machinations  of  man- 
agement, and  of  those  management  en- 
gineers who  sometimes  out  Herod 
Herod,  are  often  regarded. 

This  approach  also  tends  to  neglect 
another  angle  of  rate  making.  It  would 
be  nice  if  bargaining  could  be  concen- 
trated on  the  hourly  rate,  leaving  the 
method  and  the  time  to  be  established 
scientifically  by  experts  in  whom  both 
sides  had  confidence.  But  labor  does 
not  think,  nor  feel,  that  way.  For  one 
thing,  the  idea  of  the  unvarying,  sci- 
entifically determined  method  and 
rate  of  performance,  charming  though 
it  is  to  the  production  man,  somehow 
fails  to  arouse  enthusiasm  in  the 
breasts  of  workers. 

In  the  first  place,  the  rate  of  prodm- 
tion  is  regarded  as  just  as  much  a  mat- 
ter for  bargaining  as  the  rate  of  hourly 
pay.  When  times  are  good  and  jobs 
easy  to  get,  nearly  everybody  tends  to 
give  a  little  less  for  the  money.  There 
is  no  good,  logical,  economic  reason 
why  one  should  do  less  work  when 
there  is  a  frantic  demand  for  his  prod- 
uct. But  the  worker  has  had  to  swal- 
low things  he  did  not  like  a  good  many 
times  in  the  average  lifetime;  here  is 
fine  moment  when  he  can  tell  others 
where  to  head  in.  Human,  reprehen- 
■sible,  but  he  enjoys  his  moment  of 
power.  When  demand  slacks  off,  for  a 
time  everybodv  will  work  as  slowly  as 
he  dares,  putting  off  the  evil  day  of 
the  layoff,  and  when  it  is  plain  that 
somebody's  layoff  is  inevitable,  everv- 
one  will  tend  to  work  a  little  harder  so 
that  it  will  not  be  he. 


Also,  the  trade  union  has  been  an 
apt  pupil  of  our  earlier  monopolists. 
Many  unions  devote  a  good  deal  of 
high-grade  talent  to  devising  ways  of 
delivering  as  little  as  possible  in  the 
way  of  output,  on  the  tlieory  that 
scarcity  raises  prices.  Among  all  these 
cross  currents,  the  idea  of  the  scien- 
tifically set  task  needs  much  more 
support  by  public  opinion,  before  it 
can  become  a  realistic  basis  of  indus- 
trial negotiations. 

Finally,  this  method  of  task  setting 
is  after  all  applicable  only  to  a  rather 
small  fraction  of  the  total  production. 
Obviouslv  it  does  not  apply  to  brain 
work,  nor  to  selling,  nor  to  skilled  non- 
repetitive  work  like  displav  compos- 
ing of  type,  toolmaking,  and  to  many 
areas  only  semi-standardized  like 
hand-poured  foundry  casting.  The 
study  of  this  approach  is  useful,  for  it 
may  shed  light  on  the  difficult  prob- 
lem of  taking  the  guess-work  and  the 
need  for  defense  against  over-covetous 
guessing  out  of  rate  setting.  But  it  is 
one  aspect  only,  and  perhaps  not  the 
most  important,  of  the  problems  of 
securing  effective  incentives  to  pro- 
duction. 

So  far,  the  most  apparent  result  of 
a  half  century  of  "scientific"  rate  set- 
ting has  been  to  fortify  and  harden 
labor's  resolution  to  have  none  of  it. 
Union  after  union  is  using  what  eco- 
nomic leverage  it  has  to  endeavor  to 
force  standardization  and  uniformity 
in  wages.  K  many  unions  had  their 
way,  pay  in  a  skill  classification  would 
be  governed  wholly  by  seniority;  in- 
creases  (and  layoffs)  would  be  auto- 
matic and  quite  luirelated  to  output, 
save  for  the  enforcement  of  union-aj)- 
proveil  shop  rules.  Sonic  unions  are 
working  to  make  promotion  equally 
automatic,  and  independent  of  pro- 
ductivity. A  far  cry  from  the  engi- 
neer's ideal  of  niaximuni  productivity, 
consistent  with  the  long-time  health 
and  welfare  of  the  individual! 

What,  if  anything,  cm  be  done 
about   it? 

[  have  in  this  discussion  omitted  the 
usual  description  of  the  numerous  in- 
centive systems,  partly  because  they 
can  be  studied  in  any  one  of  dozens  of 
books  of  reference,  but  partly  because 
of  a  feeling  that  what  we  need  is  not 


more,  but  fewer,  varieties  of  incentive 
systems.  Of  the  various  bonus  systems, 
which  pay  for  savings  above  a  stand- 
ard or  allowed  time,  a  few,  such  as  the 
Halsey  plan,  particularly  with  100  per 
cent  bonus,  are  useful,  but  they  offer 
little  significant  variation  from  piece 
rate,  which  is  usually  the  best  system, 
where  the  work  is  standardized  to  a 
degree  permitting  accurate  and  low- 
unit-cost  rate  setting. 

One  thing  those  responsible  for 
wage  policies  in  today's  world  are  go- 
ing to  have  to  do  is  to  recognize  that 
it  takes  two  to  make  a  bargain.  Wheth- 
er the  employer  likes  it  or  not,  his  plan 
must  square  with  the  ideas  and  beliefs 
of  his  employees,  which  means  those 
of  labor  generally.  In  the  union  shop, 
business  agents  (who  also  have  Bar- 
nard's incentive  problem)  will  be 
quick  to  make  capital  of  proposals 
which  run  counter  to  union  policies. 
In  the  non-union  shop,  workers  are 
not  as  quick  to  express  themselves  or 
to  oppose  the  employer's  proposals, 
but  they  nevertheless  find  ways  to  sab- 
otage an  unwanted  proposal,  and 
there  is  always  the  union  to  turn  to. 

Quite  apart  from  the  strategy  of  the 
situation,  why  should  an  employer  or 
his  representative,  the  time-study  man. 
fear  to  discuss  a  proposed  standard 
time  with  the  man  concerned?  If  there 
is  going  to  be  an  objection,  it  is  better 
to  get  it  out  of  the  way  before  it  causes 
trouljle.  Many  labor  troubles  start 
with  an  accumulation  of  small  griev- 
ances about  rate  inequalities,  too  small 
individually  to  make  a  fight  about,  but 
enough  in  the  aggregate.  It  is  better 
to  have  up  a  lightning  rod  of  free  dis- 
cussion, to  conduct  off  these  grievances 
before  they  reach  a  dangerous  poten- 
tial. 

Finally,  ought  we  not  to  re-examine 
not  only  the  financial  incentive  but  all 
the  incentives  to  factory  work?  We 
may  find  we  have  been  feeding  a  diet 
adequate  financially,  but  resulting  in 
spiritual  starvation  —  lacking,  some- 
how, in  those  vitamins  essential  if  a 
man  is  to  find  his  daily  task  satisfying. 
I  realize  that  this,  coming  from  an  en- 
gineer, may  sound  a  bit  lyrical,  but  the 
issues  involved  are  of  tremendous  na- 
tional importance. 
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There's  more  eno^ineering  to  the  job 
of  staving  in  first  place  with  any 
home  appliance  than  meets  the  eye 
...  so  we've  cross-sectioned  the 
Hoover  Engineering  Department's 
modern  4-story  building  to  show  you. 

It's   "big-time"   engineering. 

More  than  130  skilled  people,  a 
third   of   them    graduate    engineers, 


staff  this  Hoover  "idea  factory."'  We 
call  it  that  because  in  doing  a  thor- 
ough job  of  planning  and  proving 
the  Hoover  Cleaner,  Hoover  engi- 
neers come  up  with  developments, 
new  ideas  that  find  wide  application 
in  other  industries— many  of  them 
far  removed  from  the  home  appli- 
ance field. 


THE  HOOVER  COMPANY 


NORTH    CANTON,  OHIO 
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^5,    t^oU     C.    Pete 


Diiriiin;  the  past  year  the  Institute 
has  conducted  regular  dav  and  eve- 
ning classes  in  industrial  safety.  With 
the  organization  of  the  new  Depart- 
ment of  Fire  Protection  and  Safety 
Engineering,  succeeding  the  long-es- 
taljlished  Department  of  Fire  Protec- 
tion Engineering,  the  instruction  in 
industrial  safety  has  hcen  extended  to 
cover  the  study  of  causes  and  preven- 
tion of  highway  accidents  involving 
motor  cars.  Besides  material  directly 
relating  to  driving,  the  program  in- 
volves treatment  of  such  allied  engi- 
neering prohlcnis  as  vehicle  design, 
proper  methods  of  loading,  accelera- 
tion and  deceleration,  antl  impact. 

The  work  will  he  carried  on  in  the 
classroom,  and  hy  tests  of  personal 
characteristics  and  of  driving  hahits 
and  skill  in  the  test  room  and  on  the 
street.  In  addition  to  the  students  who 
enroll  in  the  course  as  a  required  or 
elective  suhject.  other  students,  as  well 
as  niemhers  of  the  Institute  faculty  and 
other  employees  may  have  opportu- 
nity to  take  the  tests. 

An  immediate  ohject  of  the  pro- 
gram is  to  provide  students  with  such 
understanding  of  highway  safety  proh- 
lems  as  will  hel|)  them  individually  to 
avoid  heing  the  victims  of  accidents. 
Beyond  this,  it  is  to  he  expected  that 
the  knowledge  and  hahits  of  safe  pro- 
cedure that  students  acquire  may 
"leak"  to  their  families  and  their  oth- 
er associates.  Occasionally,  if  we  are 
fortunate,  some  of  our  men  may  he- 
come  enthusiastic  enough  to  do  really 
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Reaction  Time:  Measuring  of  time  required  to  move  the  foot  from 
accelerator  to  brake  when  light  changes  to  red. 


active  missionary  work  and  exert  great  likely  to  he  in  an  accident,  that  is 
influence  in  their  industries,  their  characteristic  of  most  drivers, 
homes,  and  their  play.  This  indirect  From  a  somewhat  different  point  of 
effect  on  drivers  who  have  not  them-  view,  an  ohject  of  the  course  is  to  help 
selves  taken  the  course  should  help  to  supply  the  rather  considerahle  de- 
dispel  the  false  feeling  of  security,  the  mand  from  industry  for  training  of 
thought  that  only  the  other  fellow  is  this  kind  for  men  who  may  later  he 
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assigned  to  duty  as  traffic  managers  or 
in  other  executive  capacities. 

Procedures  for  the  selection,  test- 
ing, and  training  or  re-training  of  op- 
erators of  motor  vehicles  arc  especial- 
ly important  during  the  school  years. 
Statistical  surveys  show  that  drivers 
under  twenty  have  five  times  as  many 
fatal  accidents  as  the  forty-five  to 
fifty-one  group.  Seven  out  of  ten  of 
our  young  people  drive  cars  during 
their  last  vear  in  high  school  or  within 
one  year  thereafter. 

The  program  provides  information- 
al, hackground  data  leading  to  recog- 
nition and  understanding  of  the  prob- 
lem. Demonstrations  in  the  classroom 
and  in  the  field  are  used  to  prove  that 
reliable  procedures  are  availal)le  to 
assist  drivers  in  overcoming  defects 
and  correcting  detrimental  haliits.  as 
well  as  in  the  training  of  new  drivers. 
As  the  student  proceeds  through  the 
course,  his  general  awareness  of  the 
problem  crystallizes  into  a  clear,  fac- 
tual appreciation  that  proper  han- 
dling of  a  motor  vehicle  calls  for  good 
physical  condition,  alertness,  accurate 
driving  judgment,  and  a  high  degree 
of  skill  in  the  physical  manipulation 
of  a  heavv,  powerful  mechanism  ca- 
pable of  rapid  motion. 

In  the  classroom  students  become 
acquainted  with  the  battery  of  tests  of 
physical  fitness,  involving  field  of  vi- 
sion for  motion,  visual  acuity,  color 
vision,  hearing,  and  reaction  time.  The 
latter  involves  the  time  required  to 
move  the  foot  from  the  accelerator  to 
the  brake  pedal  when  a  red  light  ap- 
pears or  an  emergency  develops.  Time 
is  given  to  discussion  of  practical  ap- 
plication of  sound  theories  of  car  op- 
eration and  maintenance.  Indoor  dem- 
onstrations of  the  physical  tests  give 
the  students  familiarity  with  the  me- 
chanics and  techniques  of  testing,  and 
are  intended  to  aid  him  in  the  inter- 
pretation and  evaluation  of  the  test 
data.  Since  it  is  assumed  that  some  of 
the  students  may  eventually  be  re- 
sponsilde  for  selecting  or  training 
drivers  with  various  educational  back- 
grounds, attention  is  given  to  the  im- 
portance of  literacy  in  relation  to  a 
driver's  ability  to  keep  himself  in- 
formed about  safe  driving  instructions 
and  regulations. 

The  test  of  reaction  time  is  particu- 
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larly  important  because  it  indicates 
the  driver's  stopping  distance  at  vari- 
ous speeds.  A  correction  factor  must 
be  applied  to  the  test  data  to  make  al- 
lowance for  driving  at  night,  with  the 
j)ossil)ilitv  of  coming  suddenlv  upon 
an  oljstacle  such  as  a  stalled  truck.  The 
student  learns  not  to  overdrive  his 
headlights.  Stopping  limits  must  be 
adjusted  to  a  distance  in  which  the  op- 
erator has  a  complete,  clear  field  of 
vision.  Wet  or  otherwise  slippery  road 
surfaces,  worn  tires,  the  nature  and 
volume  of  traffic,  the  presence  or  ab- 
sence of  traffic  lanes,  and  other  factors 
come  into  the  prolilem  of  operating 
without  accident.  A  driver's  reaction 
time  is  not  constant,  but  varies  with 
his  age,  physical  condition,  and  driv- 
ing experience.  It  is  desirable  that  re- 
checks  be  made  at  suitable  intervals, 
and  that  the  driver  know  his  own  char- 
acteristics in  this  regard.  Of  course  re- 
action time  is  a  key  factor  in  the  pre- 
vention of  rear-end  collisions. 

Actual  driving  tests  on  the  road  are 
various  and  important,  but  they  are 
not  discussed  here  in  detail.  Proce- 
(hires  and  equipment  for  this  part  of 
the  program  involve  driving  on  a 
straight  line,  gaging  sjjace  when  steer- 
ing in  close  quarters,  stopping  and 
starting  smoothlv.  estimation  of  front 
and  back  line  limits,  turning  around, 
and  parking.  Tliev  also  include  experi- 
mental demonstration  of  distance  re- 
quired in  coming  to  a  stop  from  vari- 
ous car  speeds. 

Most  of  us  think  of  highway  acci- 
dents in  terms  of  the  suffering  and 
death  of  a  shocking  number  of  our 
people  each  year.  Aside  from  this  dra- 
matic aspect  there  are  economic 
phases  to  be  considered.  In  commer- 
cial fleet  operation  a  bad  accident  rec- 
ord is  regarded  as  an  indication  of 
poor  management.  It  means  financial 
loss,  interference  with  normal  opera- 
tions, perhaps  difficulty  in  obtaining 
insurance.  The  owners  of  important 
fleets  focus  critical  attention  and  deci- 
sive action  on  such  items  as  preventive 
maintenance,  driver  training,  accident 
prevention  programs,  special  body  de- 
signs, studies  of  loading  and  routing, 
etc.  Although  humanitarian  motives 
are  not  ignored,  this  safety  policy  is 
justified  on  economic  grounds.  It  has 


an  important  bearing  on  operating 
profits.  Moreover,  it  has  long  been  rec- 
ognized that  a  commercial  vehicle  is  a 
"billboard  on  wheels,"  and  that  it  may 
produce  unfavorable  reactions  in  the 
minds  of  the  consumer  public. 

Many  organizations  have  done  valu- 
able work  in  improving  the  accident 
situation  in  modern  motor  vehicle 
practice.  This  work  will  continue,  but 
it  can  not  he  fully  effective  until  there 
is  much  greater  feeling  of  individual 
responsibility.  No  person  who  is  on 
our  city  streets  or  our  country  high- 
ways can  properly  ignore  the  safe  pro- 
cedures that  will  help  to  save  him  from 
injury  and  loss,  and  at  the  same  time 
increase  the  safetv  and  protect  the 
property  of  others. 

Collateral  to  the  matter  of  proper 
design  and  safe  operation  of  motor  ve- 
hicles, there  obviously  are  problems 
of  highway  design  and  maintenance, 
vehicle  licensing,  zoning  require- 
ments, speed  regulation,  and  law  en- 
forcement which  are  important  parts 
of  the  safety  program,  but  which  are 
not  within  the  field  of  the  present 
discussion. 

While  formal  class  work  relating  to 
safety  in  motor  car  operation  has  only 
recently  been  established  at  the  Insti- 
tute, the  subject  has  been  given  care- 
ful attention  by  members  of  our  fac- 
ulty for  many  years.  More  than  twenty 
years  ago  the  Engineer  published  an 
article  on  automobile  brakes,  written 
by  Professor  Daniel  F.  Roesch;  with 
other  technical  material  which  is  still 
valid,  he  described  equipment  of  his 
own  design  for  the  measurement  of 
driver  reaction  time.  Professor  Sholto 
M.  Spears  was  the  author  of  an  article 
on  psychological  problems  involved  in 
highwav  design  and  the  design  and  lo- 
cation of  traffic  control  signals.  The 
late  Professor  John  F.  Mangold  wrote 
two  articles  on  problems  in  the  me- 
chanics of  motor-car  operation. 
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NEVER  0 

One  of  this  nati(Jii  s  greatest  blessings  is  its  vast  l| 
of  wood  .  .  . 

Look  at  this  forest  and  look  beyond ! 

You  see  .  .  .  docks  and  ships,  houses  and  ai 

You  see  .  .  .  wood,  plentiful  and  cheap  .  . 
used  to  make  paper,  sheer  fabrics,  sturdy  new  j 
new  lacquers,  dyes  and  veneers. 

You  see  .  .  .  thousands  of  builders,  craftsn 
chemists  building  a  new  wonder  world  of  wood. 

You  see  .  .  .  the  hand  of  Allis-Chalmers 


Whether  your  electric 
power  requirements  run 
to  hydraulic  or  steam 
turbines  .  .  .  whether  your 
needs  are  for  generators, 
transformers,  motors, 
control  devices,  or  switchgear — expect  from 
every  Allis-Chalmers  product  advanced  elec- 
trical engineering  and  design,  thoroughly 
modern  efficiencies.  Specify  Allis-Chalmers. 


ALLIS 

One  of  the  Big  3  in  Electi 
Biggest  of  All 


F  THE  WOODS 


nes  and  equipment  that  help  to  expand  the 
y  wood  in(histry — that  enrich  your  Hfe  by  briug- 
3  new  world  of  wood  closer  to  you! 


big  is  Allis-Chalmers  in  this  picture?  Not  only 
ca's  No.  1  builder  of  sawmill  machinery — but 
tant  source  of  barkers,  chip  screens,  kilns  and 
equipment  for  pulp  and  paper  mills — one  of  the 
's  leading  producers  of  processing  machinery  for 
emical  industries! 


LAND  GLAD  OF  IT! 


\Miat  reason  for  this  bigness?  A  unique  reputa- 
tion for  product  engineering  and  integrity — vast  in- 
dustrial experience— craftsmanship  of  the  highest  order— 
a  repuhttion  k?umm  and  respected  in  every  industrial  field! 

Today,  Allis-Chalmers  supplies  major  products  for 
virtually  every  basic  inihistry  .  .  .  has  a  hand  in  making 
almost  every  machine-made  commodity  you  can  name. 

Allis-Chalmers  is  a  good  name  to  know! 

Allis-Chalm rr.'<  M niutfact iirinq Cnm pany .  Mihratikre  1  M'ifirnnsin 
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TUNE  IN  THE  BOSTON  SYMPHONY  over  the  American  Broadcasting  Company,  Saturdays,  9:30  P.M.  EST 


:halmers 

wer  Equipment— 

nge  of  Industrial  Products 


Allis-Chalmers  builds 
tractors  like  this  for  the 
logging  industry — mills 
for  making  flour — ma- 
chines for  mining  and 
processing  ores  —  pumps 
for  moving  almost  any  fluid — compressors 
and  blowers  —  welders  —  speed  changers  — 
literally  1600  important  industrial  jjroducts. 
('a\\  the  Allis-(  halniers  office  in  your  city. 


FIRE  — 

(Continued  from  page  12) 
iiical  progress  giving  hiui  a  silent  ser- 
vant which  needs  to  Ije  kept  under 
constant  control  to  keep  its  powers  in 
leash.  As  the  extent  of  our  knowledge 
of  electricitv  has  increased  the  hazards 
which  it  introduces  are  gradually  com- 
ing under  control.  The  increased  use 
of  inspected  equipment,  continuing 
enforcement  of  the  National  Electric 
Code,  and  increased  emphasis  on  the 
necessity  of  replacing  worn  cquij)- 
ment  will  eventually  take  electrical 
hazards  out  of  the  most  serious  class. 
Prior  to  the  war,  this  improvement 
was  taking  place:  however,  the  lack  of 
replacement  parts  in  the  last  five  years 
has  resulted  in  the  l)reaking  down  of 
insulation  which  hccame  dry  and  hrit- 
tle  with  age  and  usage.  The  more  wide- 
spread use  of  tamper-proof  over-cur- 
rent protection  in  post-war  construc- 
tion will  also  help  in  this  respect.  Here 
is  one  of  the  lessons  of  our  war  time 
experience.  We  have  always  appre- 
ciated the  dangers  inherent  in  over- 
fusing  or  shorting  out  the  fuses  in 
liranch  circuits.  During  the  war  fuse- 
hoxes  were  recognized  as  possihle  sal)- 
olage  points  and  received  careful  in- 
spection from  all  plant  protection  per- 
sonnel. Many  plants  within  my  per- 
sonal knowledge  reported  that  their 
inspectors  day  after  day  were  collect- 
ing pennies,  nickels,  and  other  gad- 
gets designed  to  short  out  the  fuses. 
These  were  not  placed  in  the  fuse  re- 
ceptacles hy  sahoteurs  or  alien  agents, 
l)ut  hy  well-meaning  American  citi- 
zens to  whom  that  method  of  handling 
a  troublesome  circuit  has  hecome  rou- 
tine. Our  only  solution  is  tamper-proof 
fuses,  whether  they  be  the  so-called 
type  "S"  fuse  or  other  equally  reliable 
equipment.  The  NFPA  at  its  recent 
meeting  voted  to  include  the  provision 
of  this  type  of  equipment  as  manda- 
tory in  the  Electrical  Code.  It  is  now 
up  to  us  in  the  safety  profession  to 
insist  upon  this  type  of  equipment 
wherever  possible. 

Number  four  on  my  list  of  outstand- 
ing fire  causes  is  the  hazard  created  by 
stoves,  furnaces,  boilers,  and  pipes. 
Here  is  the  original  fire  hazard  which 
we  have  had  with  us  since  our  fore- 
fathers first  learned  to  make  fire  do 
their  bidding.  The  problem  presented 


is  fairly  simple;  it  is  purely  one  of  heat 
transfer.  Extensive  rsearch  has  shown 
that  we  have  a  margin  of  safety  if 
woodwork  is  kept  below  165  F.  Where 
our  trouble  develops  is  that  luider  nor- 
mal operating  conditions  the  average 
heat  producing  and  utilizing  does  not 
require  much  clearance  or  insulation 
to  keep  adjacent  woodwork  below 
165°F.  However,  manv  conditions  niav 
arise,  such  as  overtaxing  the  <levice  lie- 
yond  its  normal  load,  a  l)urn-out  of  ac- 
cumulated soot  in  the  l)ipe.  or  long 
continuous  operation  of  the  device, 
any  one  of  which  will  result  in  an  un- 
expected temi)erature  increase  caus- 
ing ignition  of  adjacent  wood.  An  ex- 
cellent example  of  this  is  the  average 
vent  from  a  commercial  range.  I  have 
seen  manv  installed  where  the  exhaust 
vent  passes  through  a  cond)ustible 
partition  or  roof  with  no  clearance. 
The  justification  is  always  the  same — 
this  is  merely  for  venting  purposes  and 
it  does  not  get  hot.  Of  course,  even- 
tually the  inevitable  occurs.  The 
grease  which  has  slowly  accumulated 
in  the  pipe  ignites  and  we  have  a  burn- 
out. The  pipe  which  we  could  always 
put  our  hand  on  is  now  red-hot  and 
the  adjoining  woodwork  begins  to 
smoulder.  The  solution  is  obvious;  all 
stoves,  furnaces,  l)oilers,  and  pipes, 
should  be  designed,  and  what  is  even 
more  important,  installed  as  if  they 
were  going  to  operate  under  the  worst 
conditions  possible  and  still  not  raise 
adjoining  combustible  material  to 
more  than  165°F. 

Number  five  on  this  list  of  jjublic 
enemies  is  spontaneous  ignition  or 
spontaneous  combustion  as  it  is  more 
commonly  called.  This  hazard  pro- 
duces an  extremely  high  monetary  loss 
from  a  relatively  small  number  of  fires 
because  of  the  insidious  manner  in 
which  it  starts.  We  are  all  familiar 
with  the  nature  of  the  phenomenon 
which  starts  generally  as  slow  oxida- 
tion with  the  evolution  of  heat.  As  the 
temperature  increases,  the  reaction 
speeds  up  until  the  ignition  point  of 
the  material  is  reached.  Research  has 
provided  us  with  a  fairly  definite  clas- 
sification of  the  tendency  towards 
spontaneous  heating  for  the  most  coni- 
monlv  used  industrial  materials;  how- 
ever, each  new  product  encountered 
in    industrial    development    must    lie 


carefully  tested  for  this  quality.  Our 
best  protection  against  this  hazard  lies 
in  automatic  detection  of  the  tempera- 
ture rise  and  automatic  extinguish- 
ment as  needed.  We  have  the  automat- 
ic equipment  today  required  to  con- 
trol this  stealthy  hazard. 

I  have  discussed  five  specific  causes 
which  have  contributed  heavily  to  the 
upward  trend  in  fire  loss  in  this  coun- 
try. There  is  one  other  condition  I 
would  like  to  call  to  your  attention 
which  has  developed  since  the  end  of 
the  war.  During  the  emergency,  large 
industrial  plants  employed  plant-pro- 
tection personnel  in  large  numbers 
both  in  fire  fighting  and  fire  preven- 
tion activities.  These  men  built  up  a 
wealth  of  experience  and  became 
adept  in  the  performance  of  their 
duties.  W  ith  the  end  of  hostilities  they 
were  the  first  to  go;  they  scattered  to 
the  four  winds,  and  plants  which  were 
models  of  protection  and  prevention 
today  reflect  sorry  spectacles  of  short 
sighted  management.  Millions  of  dol- 
lars in  equipment  are  jeopardized  to 
save  a  comparatively  small  amount  in 
payroll.  Those  of  us  left  in  the  picture 
have  a  superhuman  job  to  perform. 
We  must  fight  for  automatic  detection 
equipment  where  man  power  is  re- 
duced. The  country  cannot  afford  the 
needless  loss  of  materials  at  this  time. 

In  conclusion  let  me  show  you  a  pic- 
ture of  our  problems  as  I  see  them.  We 
are  engaged  in  a  race  with  our  fellow 
engineers,  electrical,  mechanical, 
chemical,  shall  I  say  nuclear,  and  all 
other  scientists  who  are  striving  to 
harness  the  forces  of  nature  to  provide 
a  more  abimdant  life  for  us.  Each  con- 
quest of  theirs,  be  it  fire,  water,  or  the 
atom,  presents  a  threat  which  must  be 
controlled  lest  it  devour  us.  We  must 
keep  step  with  them,  we  must  be  ready 
at  each  new  crossroad  to  erect  the 
guide  posts  which  will  enable  our  fel- 
low citizens  to  utilize  to  the  fullest  the 
achievements  of  science  without  de- 
stroying themselves. 
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RIGHT  THUMB 


Because 

photography 

authenticates... 


Courts  know  this:  tliat  \oii  can  depend  upon 
the  accuracy,  completeness,  and  objectivity  of 
photography  .  .  . 

Business  and  industry  know  this,  too.  As  a  result, 
they're  using  photographic  technics  to  validate 
more  and  more  of  their  activities.  They're  using  .  .  . 

Record  photography  to  document  accident 
and  progress  reports. 

Radiography  to  pre-test  new  designs,  to  pro\  e 
the  merits  of  new  foundry  and  fabrication 
technics. 

Recordak  microfilming  to  authenticate  billing 
procedures,  speed  collections. 
High-speed   movies  to   verify   scientific  hy- 
potheses. 

Photographic  illustrations  to  add  authentic- 
ity to  advertising. 

Photo  layout  to  reproduce  complex  drawings 
on  metal  with  photographic  accuracy. 
Spectroscopy  to  provide  speedy  proof  of 
chemical  content. 

Now  for  the  question:  Are  vou  making  full  use  of 
photography's  power  to  authenticate  and  of  its 
other  special  abilities?  If  you're  not  sure,  write  for 
our  new,  free  booklet— "Functional  Photography." 

Eastman  Kodak  Company,  Rochester  4,  N.  Y. 


Functional  Photography 

IS  ADVANCING  BUSINESS  AND  INDUSTRIAL  TECHNICS 


.■^'. 
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EVEN  TODAY.. 

.  .  .  you  can  obtain  special  wood  products  in  large  or  small 
quantities  without   priorities  quickly  at   Sclienk  Lumber   Co. 

EVEN    TODAY.. 

.  .  .  you  can  get  nearly  any  type  of  lumber  in  nearly  every 
size  at  Sclienk  Lumber  Co.  without  priorities. 

EVEN    TODAY.. 

.  .  .  your  order  or  inquiry  will  receive  courteous,  prompt 
attention  at  Schenk  Lumber  Co. 

TODAY,   AS    ALWAYS.. 

.  .  .  you  can  get  insulation  of  all  types,  roofing,  wallboard, 
and  many  other  products  in  unlimited  quantities  at  Schenk 
Liunber   Co. 

lust  call  the  lumber  number.   Hemlock   3300 


.!► -)«^l» -1. 


SKIDS . .  PALLETS . .  CABINETS . .  TRAYS . .  CRATES . .  FRAMES . .  BOXES . .  SPECIAL  SHAPES 
FURNITURE  .  .  WOOD   FIXTURES  .  .  FULL  UNE  OF  LUMBER  AND  BUILDING  MATERIALS 

Specialists  in  Serving 
Industrial  Accounts 


LUMBER 

COMPANY 

6601  So. CENTRAL  Ave. 

HEMLOCK 

3300 


THE  SCHOOLMASTER 


Manners  and  Manner.  Our  young 
inon  who  have  returned  to  us  from  the 
war  have  hoth.  When  a  large  part  of 
our  student  I)ody  were  in  ASTP  or  in 
the  Navy  V-12  group  our  civilian  fac- 
ulty members  became  used  to  being 
addressed  as  '"Sir."  Now  our  class- 
rooms are  filled  beyond  their  normal 
capacity  with  students,  most  of  whom 
were  in  uniform  a  few  months  ago; 
they  retain  much  of  the  military  cour- 
tesy which  they  acquired  while  their 
real  work  was  the  deadly,  dangerous 
job  which  they  did  for  us  who  re- 
mained at  home.  In  our  part  of  the 
countrv  it  was  not  formerly  the  custom 
to  sav  "Sir."  The  matter  is  not  of  great 
importance. 

Manner  is  something  else.  A  teacher 
finds  new  satisfaction  and  feels  espe- 
ciallv  great  responsibilities  when  he 
faces  these  men  with  their  calm  con- 
fidence and  their  obvious  intention  of 
getting  the  most  from  the  college  year^ 
which  have  been  postponed  or  inter- 
rupted for  two,  three,  or  four  years, 
or  even  longer. 

Not  all  of  our  students  are  veterans. 
There  comes  to  mind  a  sophomore 
class  of  last  spring.  It  was  fairly  evenly 
divided  between  boys  only  a  little 
more  than  one  year  out  of  high  school, 
and  men  who  were  older  by  about  five 
years  l)v  the  calendar.  Their  seniority 
was  better  expressed  by  saying  tha! 
tbev  were  older  by  a  war.  Most  of  the 
students  in  both  groups  did  excellent 
work  and  it  was  a  pleasure  to  work 
with  them.  It  is  permissible  for  a  vet- 
eran teacher  to  say  that  we  can  be 
proud  of  our  young  men.  In  addition 
to  our  formal  entrance  requirements 
and  the  careful  work  of  our  depart- 
ment of  admissions,  the  knowledge 
that  our  program  is  severe  screens  out 
many  who  have  not  the  necessary  apti- 
tude and  industry.  One  of  the  princi- 
pal assets  of  every  good  college  of  en- 
gineering is  its  reputation  for  main- 
taining rigorous  standards. 

(Continued  on  page  36) 
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DRINKING  BEER 
FROM  A  TEST  TUBE 


This,  frankly,  is  our  next-lo-favoritc  sight. 

For,  naturally,  our  favorite  is  the  satisfied  smile  on  the 

face  of  any  of  the  millions  who  enjoy  a  big  foam-capped  glass  of 

Pabst  Blue  Ribbon. 

But  we're  still  mighty  pleased  to  watch  that  serious  scientist 
study  the  contents  of  his  test  tube  in  the  Pabst  control  laboratory. 
For  he  and  all  his  colleagues  are  our  scientific  guarantee  that 
Pabst  Blue  Ribbon  will  always  have  the  same  perfect  flavor,  the 
same  rewarding  goodness.  .    . 

Yes,  every  sparkling  glass  of  Pabst  Blue  Ribbon  is  not  alone  the 
result  of  inspired  brewing  skill.  It  is  the  scientific  Q.  E.  D.  of  the  very 
latest  methods  of  laboratory  analysis  and  control. 

And,  to  you  scientific  minded  readers  of  this  Journal  we  offer  a 
standing  invitation  to  let  us  show  you  our  plants  and  our 
laboratories,  in  Milwaukee  and  Peoria.  We  know  a  visit  will  even 
further  demonstrate  the  flavorful  meaning  of  33  fine  brews 
blended  into  one  great  beer. 


e^^  blended, . .  t^5  SP/i/endic/f 


Copr.  194G.  Pabst  Brew 
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(Continued  from  page  34) 
College  Finance.  A  man  may  spend 
four  to  seven  years  of  his  life  in  col- 
lege; some  one,  the  student  or  anoth- 
er, spends  consideraJjle  amounts  of 
money  for  his  tuition,  fees,  and  living 
costs.  The  venture  requires  the  giving 
up  of  earnings  that  would  otherwise 
be  made.  The  return  on  the  invest- 
ment need  not  he  discussed  here  in  de- 
tail. Most  of  us  in  America  consider 
that  for  ourselves  and  our  children 
college  training  must  he  provided  if  it 


is  at  all  possible,  even  though  it  calls 
for  strict  economy  and  careful  contriv- 
ing. We  are  not  here  concerned  with 
theories  of  education,  nor  with  praise 
or  hlame  for  our  colleges.  A  college 
course  is  more  than  an  investment.  It 
is  better  to  say  that  the  word  does  not 
come  near  to  jjcing  completely  de- 
scriptive. Nevertheless,  the  money  side 
is  important. 

Recent  legislation  has  made  college 
training  available  to  many  men  and 
women    at    government    expense.    Be- 


Keeps  pace  with  your 
steam  production  needs 

In  demand  by  steam  plant  operators,  is 
coal  with  low  overall  cost,  flexibility  .  .  . 
often  higher  possible  boiler  ratings.  All 
three  features  may  be  found  in  SP  coal 
which  is  demonstrating  these  very  things 
in  many  hundreds  of  plants.  "SP"  should 
stand  for  Smooth  Production  in  your 
plant  for  competitive  postwar  years. 
Mined  in  Southern  and  Central  Illinois. 


7-Step  SP  refineries  take 
out  impurities,  wash  and 
size   cool    to    set    standard 


PEABODY   COAL  COMPANY 

Established  1883 

231    South  LaSalle  Street,  Chicago  4,  Illinois 

Sales  Offices: 
SPRINGFIELD  •  ST.  LOUIS  •  OMAHA  •  MINNEAPOLIS  •  CINCINNATI  •  NEW   YORK 


SUPPORT 

ENGINEER 

ADVERTISERS 


fore  the  war,  registration  in  colleges 
was  increasing  more  rapidly  than  the 
growth  in  population.  With  the  excep- 
tion of  a  very  few  schools,  tuition  fees 
collected  from  students  have  not  been 
and  are  not  now  sufficient  to  maintain 
the  scliools.  The  difference  may  be 
made  up  from  the  public  revenue,  as 
in  the  state  universities;  it  may  come 
from  the  interest  on  endowments;  it 
may  ])e  taken  care  of  by  gifts  for  des- 
ignated uses  or  for  general  expenses, 
as  distinguished  from  contriliutions  to 
endowment. 

Thomas  Furlong  in  the  Chicago 
Sunday  Tribune  of  September  22, 
1946  reports  that  the  endowment 
funds  of  universities,  charities,  and  sci- 
entific foundations  are  growing,  by 
reason  of  the  tax  exemption  of  these 
institutions  under  the  federal  statutes. 
He  points  out  that  men  in  the  high  in- 
come tax  brackets  may  make  gifts  ad- 
vantageouslv  during  their  lives  to  edu- 
cational and  charitable  institutions, 
and  that  property  bequeathed  to  such 
agencies  at  death  is  exempt  from  the 
federal  estate  tax  that  reaches  a  rate 
of  seventy-five  per  cent  on  the  largest 
estates.  One  need  not  be  a  college 
treasurer  to  know  that  returns  on  in- 
vestments are  much  lower  than  they 
were  formerlv.  But  only  elementary 
arithmetic  is  needed  to  show  that  a 
contribution  of  $30,000  annually  is 
equivalent  to  an  endowment  of  $1,- 
000.000.  Thus,  a  large  number  of 
American  colleges  are  developing  the 
"living  endowment"  system,  which 
calls  for  annual  contributions  from 
ahiinni  and  other  friends.  The  success 
of  the  plan  depends  upon  efficient  or- 
ganization and  publicity,  and  most  of 
all  upon  the  maintenance  of  standards 
and  of  performance  that  justifv  the 
recurrent  requests  for  contributions. 
The  loyalty  and  generosity  of  the 
graduates  of  the  school  are  important, 
I)ut  cooperation  must  come  also  from 
others  who  are  influenced  by  a  sense 
of  civic  duty  or  from  an  appreciation 
of  the  value  in  their  own  affairs  of  a 

(Continued  on  page  38) 


36 


ILLINOIS  TECH  ENGINEER 


Another  iob  for 
a  coke  oven! 


O   THAT   bad   tooth   has   to  come  out. 
What's  it  got  to  do  with  a  coke  oven? 

Listen    to   your   dentist:    "Nothing    to 
worry  about  .  .  .  we'll  shoot  a  little  novo- 
cain in  there  and  you  won't  feel  a  thing." 
Novocain.  The  wonderful  drug  that  robs  a  tooth  ex- 
traction of  its  terrors  and  its  pain. 

That's  where  the  coke  oven  conies  in.  For  coke  ovens 
are  responsible  for  toluene,  which  is  used  in  the  synthesis 
of  novocain. 

Modern  Koppers  coke  ovens  collect  and  preserve  the 
priceless  products  of  coke-making  .  .  .  the  tar,  the  light 
oils,  the  gases  that  used  to  be  wasted. 

From  these  products  American  chemists  and  manufac- 
turers today  are  making  not  only  novocain,  but  hundreds 
of  precious  things  vital  to  health,  safety,  and  comfort. 


Koppers  has  designed  and  built  the  majority  of  all  the 
coke  ovens  in  America  ...  as  well  as  many  of  the  process- 
ing plants  which  refine  the  numerous  products  that 
result  from  coke  making. 

Koppers  does  other  important  jobs,  too.  It  treats  mil- 
lions of  feet  of  timber  every  week  with  preservatives.  It 
produces  chemicals  from  coal.  It  makes  piston  rings, 
propellers,  couplings,  protected  metal  sheets,  bitumin- 
ous coatings,  mothproofing  preparations.  It  paves  roads 
and  streets  with  Tarmac.  It  manufactures  roofing  ma- 
terials. 

It  is  the  application  of  these  chemical  and  engineering 
skills  to  such  a  wide  variety  of  fields  that  has  made 
Koppers  "the  industry  that  serves  all  industry." 

The  industry  that  serves  all  industry  ; 


KOPPERS 


OCTOBER,   1946 
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ACADIA 

SHEETS  •EXTRUSIONS  •CUT  PARTS 
MOLDED   PARTS 

Acadia  Sviilliclics  offer  important 
aii  van  last's  —  in  t'las  licit  y.]>la8ticity, 
elr.  —  or  res^istance  to  uear,  light. 
Iicat,  oil  and  ajje.  Acadia  Products 
cut  or  mold  to  extremely  close  toler- 
ances^in  any  shape  or  size.  Tell  us 
the  characteristics  vou  need.  It  rite 
for/nil  i„f„nn,„i„„'l„d„v. 


TERN         FELT 


WORKS 


4035  .4117  O 


ACADIA 


Processors  of  Svnihotic 
Rubber  and  Plastics    •   Sheets  i»D/>l»II^TC 

Extrusions    ■    Molded  Ports  PROUUvTS 

LARGEST  INDEPENDENT  MANUFACTURERS  AND  CUTTERS  OF  FELT  j 


SAVE     TIME    WITH     THESE 

HANDY  /UTK/A/  TAPE- RULES 


Every  busy  engineering'  stu- 
dent needs  a  Tape-Rule  for 
his  vest  pocket  —  where  it's 
handy  and  ready  for  those 
dozens  oi  little  measuring  ]obs 
that  come  up  every  day. 
There's  no  need  wasting  time 
in  search  ol  a  tape  or  in  try- 
ing to  guess  the  meaauiement. 
Just  reach  in  your  pocket  for 
your  "Meiurall"  or  "Wlrard." 
Yojir  dealer  eon  help  you 
select  the  one  you  need.      ^ 


NEW  YORK         THE /UFXfft PUL£ Co.       "'"*•"  •="»*" 

TAPES -RULES -PRECISION   TOOLS 


(Continued  from  page  36) 
continuing  supply  of  men  with  suit- 
able preparation. 

The  setting  up  of  a  procedure  for 
annual  contributions  should  not  of 
course  reduce  the  probability  of  single 
gifts  for  designated  purposes  or  for 
general  expense. 

The  question  of  scholarships  sug- 
gests itself  in  any  discussion  of  college 
finances.  The  award  of  a  scholarship 
assists  a  deserving  student,  but  it  is  not 
normally  of  money  value  to  the  school, 
for  reasons  that  have  been  already 
mentioned.  A  scholarship  should  pro- 


CONTRIBUTORS 

(Continued  from  page  4) 

Award  in  1941,  and  the  Pi  Tau  Sigma 
Gold  Medal  Award  in  1942.  He  has  held 
a  fellowship  awarded  by  the  National 
Academy  of  Sciences  and  has  visited  Eng- 
land and  Germany  on  missions  relating  to 
jet-propulsion  aircraft  and  to  enemy  tech- 
nical development.  Dr.  Rettaliata's  article, 
"Linear  Relationships  in  Gas  Turbines"  is 
an  address  delivered  at  the  Midwest  Pow- 
er Conference,  April  4,   1946. 


vide  an  amount  which  is  at  least  equal 
to  the  total  cost  per  student,  and  there- 
fore considerably  greater  than  the 
standard  tuition  and  fees.  Scholar- 
ships mav  be  established  for  philan- 
thropic reasons.  On  the  other  hand, 
they  may  be  set  up  by  business  or- 
ganizations from  motives  of  hard  com- 
mon sense  and  prudent  foresight. 
Among  the  graduates  of  the  Institute 
are  several  hundred  who  have  held 
scholarships  of  this  latter  character, 
and  the  sponsors  of  the  plan  after 
nearly  twenty-five  years  of  experience 
with  it  are  planning  its  continuance 
and  expansion. 

Two  other  approaches  to  the  prob- 
lem of  college  finance  are  possible. 
First,  tuition  charges  might  be  raised 
so  that  they  will  cover  operating  costs 
and  all  other  expenses,  including 
maintenance,  replacements,  and  per- 
haps expansion.  Obviously,  the  effect 
would  be  to  make  a  college  course  a 
luxury  which  would  be  available  only 
to  the  sons  and  daughters  of  families 
on  a  high  economic  level.  That  we  do 
not  want.  In  the  second  place,  college 


education,  like  elementary  and  sec 
ondary  education,  might  be  at  publi" 
expense.  To  a  degree,  this  is  alread\ 
the  practice  in  the  state  universitie- 
It  could  be  extended,  and  the  suppori 
might  be  from  federal  funds.  Perbap- 
that  is  desirable,  but  the  thoughi 
brings  up  uneasv  remembrance  thai 
he  who  pays  the  piper  may  call  thr 
tune. 

The  Schoolmaster  is  not  an  adniiii- 
istrative  officer  of  the  Institute,  and 
not  a  memjjer  of  the  teaching  faculty. 
But  after  many  years  as  student  and 
teacher  in  colleges  which  are  not  parts 
of  a  public  educational  system  and 
which  have  no  large  endowments  ii 
appears  to  him  that  our  independent 
American  colleges  will  continue  to 
maintain  their  prestige.  In  each  case, 
the  present  and  the  future  success  will 
be  a  function  of  the  energy,  intelli- 
gence, and  foresight  of  the  personnel, 
administrative  and  educational,  and 
of  the  far-sighted  generosity  of  men 
and  businesses  in  the  communities 
that  are  served. 
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— produces  a  beautifully  polished  surface  on 
pracfically  all  mefals  and  alloys — represents  a  new 
revolutionary  approach  for  metallurgical  specimen  preparation. 


The  new  Buehler-Waisman  Electro-Polisher 
is  a  sturdy,  stream-lined,  laboratory  instru- 
ment, designed  for  efficiency  in  performance. 
Ferrous  and  non-ferrous  metals  can  be  pre- 
pared with  equal  speed  and  simplicity.  Both 
large  and  small  samples  are  readily  accommo- 
dated. 

Simple  to  operate — does  not  require  an  expert 
technician  to  produce  good  specimens. 
Speed   in  operation — various  specimens  may 


be  prepared  in  a  fraction  of  the  usual  time  re- 
quired. 

^  Economical — only  a  small  amount  of  non-ex- 
plosive chemical  required. 

^  Results  are  dependable  —  scratch  free  speci- 
mens, uniformly  etched  for  true  structure 
examination. 

THE  BUEHLER  LINE  OF  SPECIMEN  PREPARATION  EQUIPMENT 
INCLUDES — CUT-OFF  MACHINES  •  SPECIMEN  MOUNT 
PRESSES  •  POWER  GRINDERS  •  EMERY  PAPER 
GRINDERS  •  HAND  GRINDERS  •  BELT  SURFACERS  • 
MECHANICAL  AND  ELECTRO  POLISHERS  •  POLISH- 
ING CLOTHS   •   POLISHING  ABRASIVES. 


METALLURGICAL   APPARATUS 


1  iS  West   Wt 


OCTOBER,   1946 
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hem  Ms  s  ne^,  m^  ^^f  to  m 


OUT  of  tlie  war  has  come  one  bless- 
ing—  a  lesson  in  tiirift  for  mil- 
lions of  those  who  never  before  had 
learned  to  save. 

Enrolled  under  the  Payroll  Savings 
Plan  in  thousands  of  factories,  offices, 
and  stores,  over  27  million  American 
wage  earners  were  purchasing  "E" 
Bonds  alone  at  the  rate  of  about  6 
billion  dollars  worth  a  year  by  the  time 
V-J  Day  arrived. 

\Vith  War  Bond  Savings  automati- 
cally deducted  from  their  wages  every 
week,  thrift  was  "painless"  to  these 
wage  earners.  At  the  end  of  the  war, 
many  who  never  before  had  bank  ac- 
counts could  scarcely  believe  the  sav- 
ings they  held. 

The  moral  was  plain  to  most.  Here 
was  a  new,  easy  way  to  save;  one  as 
well  suited  to  the  future  as  to  the  past. 
Result:  Today,  millions  of  Americans 
are  continuing  to  buy,  through  their 
Payroll  Savings  Plan,  not  War  Bonds, 
but  their  peacetime  equivalent — U.  S. 
Haoitigs  Bonds. 


From  war  to  peace!  War  Bonds  are  now 
known  as  \  .  S.  Savings  Bonds,  bring  the  same 
high  return— $'25  for  every  $18.75  at  maturity. 


Out  of  pay — into  nest  eggs!  A  wage  earner 
can  ilioosc  liis  own  figure,  have  it  deducted 
regularlv   from   earnings   under  Payroll 

Savn.iis  I'lan. 


Ne^  homes  to  o^n!  Thousands  of  new 
homes,  like  this,  will  l)e  partially  paid  for 
through  Bonds  wisely  accumulated  during 
the  next  five  to  ten  years. 


Keeping  cost  of  living  in  check!  Buying 
only  needed  plentiful  goods  and  saving  tlie 
money  which  would  bid  up  prices  of  scarce 
goods  keeps  your  cost  of  living  from  rising. 
Save  autoniaticullij^ regularly. 


Savings  chart.  I'lan  aboxt-  sliows  how  even 
modest  weekly  savings  can  grow  into  Ijig 
figures.  Moral:  Join  your  Payroll  Savings 
Plan  next  payday. 


SAy£  me  easy  way... 

BUY  YOUR  BONDS 
fHROUGH  PAYROLL  SAVINGS 


Contributed  by  this  magazine  in  co-operation 
with  the  Magazine  Publishers  of  America  as  a  public  service. 


40 


ILLINOIS  TECH  ENGINEER 


about  a  company  which  may 
figure  in  your  future 


•  After  concluding  your  studies,  you  may 
wish  to  join  an  industrial  company  such  as 
ours;  or  you  may  make  a  connection  where 
you  will  use  fuels,  oils,  greases,  cutting  fluids, 
iquefied  gases,  or  the  many  chemicals  that 
come  from  petroleum.  In  either  case,  it  should 
be  to  our  mutual  benefit  for  you  to  know  who 
we  are,  where  we  do  business,  and  something 
of  our  operations. 

Our  corporate  name  is  Standard  Oil  Com- 
pany (Indiana),  and  the  "Indiana"  signifies 
our  origin.  We  were  born  and  raised  in  these 
north  central  states.  From  them  we  have 
spread  out  either  directly  or  through  subsidi- 
ary companies  until  now  we  market  in  40  of 
the  48  states.  We  market  in  1 5  of  these  states 
under  the  Standard  Oil  name.  We  are  not 
connected  by  affiliation,  by  management,  or 
by  directorships,  with  any  other  Standard  Oil 
company. 

Competition  benefits  oil  industry  — 
and  public 

We  are  one  of  the  country's  four  largest 
petroleum  companies  and  do  about  8  per  cent 
of  the  domestic  business.  The  industry  is 
keenly  competitive,  which  keeps  us  on  our 
toes  to  hold  the  pace  in  technological  prog- 
ress, and  to  provide  up-to-date  service  facili- 
ties. Our  current  building  program  calls  for 
the  expenditure  of  about  SI 50,000,000  just 
as  fast  as  the  materials  can  be  made  available. 
Some  of  this  investment  will  go  to  enlarge 
our  engineering  and  research  facilities. 


Pipe  lines  carry  crude  oil  from  several 
hundred  fields  in  which  we  operate  more  than 
6800  owned  wells,  and  purchase  oil  from 
more  than  1000  others.  Nearly  12,000  miles 
of  pipe  lines  which  we  own,  and  many  miles 
owned  by  others,  transport  our  crude  sup- 
plies and  petroleum  products.  Water-borne 
traffic  totals  more  than  11, 300,000,000  barrel 
miles  annually,  requires  us  to  own  eleven 
tankers  and  some  40  tugs  and  barges. 

Wide  territory  coverage 

About  26,000  retail  outlets  receive  their  stock 
in  trade  from  12  refineries,  located  in  Illinois, 
Missouri,  Kansas,  Wyoming,  Utah,  Texas, 
Louisiana,  Georgia  and  Maryland.  Bulk  plants 
number  in  excess  of  4400,  and  there  are  46 
ships,  barge  and  pipe  line  terminals. 

All  of  the  refineries  have  laboratories.  Un- 
der construction  near  our  Whiting,  Indiana, 
refinery,  close  to  Chicago,  is  the  greatest  of 
them  all  — a  huge  research  plant  which  will 
employ  about  1200  scientists,  technicians, 
and  helpers. 

From  the  foregoing  you  can  readily  see 
why,  among  our  36,000  employees,  there  are 
technologists  in  numerous  categories  — chem- 
ists, physicists,  engineers,  geologists,  entomol- 
ogists, and  others.  They  busy  themselves  in 
congenial  pursuits,  and  have 
at  their  disposal  all  the  equip- 
ment and  facilities  that  mod- 
ern science  can  dream  up.  ' 
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BORG  &  BECK 

DIVISION  OF  BORG-WARNER  CORP. 

Manufacturers 

of 

Automotive  Clutches 

6558  S.  Menard  Ave^  Chicago,  III. 


Building   Construcfion 


Telephone  Nevada  6020 


S.  IV.  MELSEIV 
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BUILDING 
CONSTRUCTION 


CHICAGO 


Contracfors 

E.  H. 

MARHOEFER, 
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CO. 
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Electrical    Equipment 


ELECTRICAL  WINDINGS 
INCORPORATED 

DESIGNERS  and  MANUFACTURERS  of 

ELECTRICAL  WINDINGS  AND 

SPECIALTIES 

201  5  NORTH  KOLMAR  AVENUE 
CHICAGO,  ILL. 

Telephone  BELmont  3360 


INCENTIVES 

(Continued  from  page  26) 

We  need  somehow  to  make  the  in- 
dividual count  again,  as  he  did  in  the 
days  of  the  small  one-man-operated 
husiness.  Life  was  harder,  and  there 
were  bad  bosses,  but  at  least  a  man  was 
an  individual  and  not  a  cog  in  a 
machine. 

A  good  many  radical  experiments 
have  Ijeen  tried,  and  have  mostly 
failed,  in  the  effort  to  achieve  that  aim. 
I  do  not  think  we  need  abandon  the 
machine  nor  mass  production  to  do  it. 

We  can  do  a  good  deal  simply  by 
making  the  most  of  all  the  incentives 
offered  by  the  job  —  discriminating 
recognition  of  good  performance,  fair- 
ness in  promotion,  simple  friendliness 
and  an  appropriate  interest  in  the  em- 
ployee and  his  affairs,  more  freedom 
and  less  regimentation  in  small  details 
and  regulations.  It  is  so  easy  to  get  into 
a  rut  in  thinking,  to  be  satisfied  with  a 
routine  time  study.  It  is  so  much  easier 
to  talk  than  to  listen.  One  reason  I  like 
thorough-going  motion  study  is  that  il 
gets  the  two  sides  together  on  a  com- 
mon problem,  attacked  with  sufficienl 
thoroughness  so  that  both  sides  know 
each  other  and  the  facts.  Certainly  the 
man  who  lays  out  work  and  tasks  for 
other  people  should  do  his  utmost  to 
make  the  task  interesting,  a  challenge 
to  and  an  outlet  for  the  powers  of  the 
worker.  On  those  unvarying  routine 
tasks  which  present  the  least  natural 
stimulus,  more  use  may  be  made  of 
simple  social  stimuli  such  as  music, 
rest  periods,  and  the  like. 

The  long  dispute  over  wages  and 
tasks  has  driven  the  managemenl  and 
workers  of  America  into  a  stalemate 
which  is  a  serious  threat  to  our  nation- 
al welfare.  Management  can  do  its  j)art 
to  compose  these  dangerous  differ- 
ences, this  suicidal  opposition  to  ])ro- 
ductivity,  by  re-examining  its  own 
premises  and  beliefs.  Perhaps  unre- 
strained individual  com])ctilion  be- 
tween workers  is  getting  to  be  more  or 
less  an  anachronism  in  these  days  of 
convcyorized,  paced  production.  In 
(he  last  analysis,  the  basis  for  pay  is 
going  to  be  day  rate,  the  going  market 
rate,  rather  than  any  specified  piece 
rate.  Perhaps  we  might  get  farther  in 


the  ticklish  task  of  translating  the 
market  wage  into  a  piece  rate  (whicli 
is,  after  all,  the  logical  way  to  pay  foi 
repetitive  performance)  if  we  were  to 
rely  a  little  more  on  the  good  faith  of 
the  worker  and  let  him  help  deter- 
mine what  is  a  fair  performance,  using 
the  trained  specialist  as  a  teacher  morf 
than  as  counsel  for  the  prosecution. 


Electrical  Fixtures 


COMMERCIAL  LIGHTING 

EQUIPMENT 
MARINE  WIRING   DEVICES 


ti  Electrical  Mfg.  Co. 

4223-43  W.  Lake  St.,  Chicago  24,  III. 


LIGHTING  FIXTURES 

and 

ELECTRICAL  SUPPLIES 
Triangle  Electric  Co. 

600  West  Adams  Street 
Chicago 

Jack   Byme»  Tel.    HAYmarkel  6262 


Engines 


"Caterpillar"  Diesel  Engines 

and 

Electric  Generator  Sels 

Patten  Tractor 
&  Equipment  Co. 

620   S.    25th   Ave.  Bellwood,   Illinois 

Phones: 

(Chicago)    Mansfield    1860 

(Long  Distance)   Bellwood  300 


INDUSTRIAL  ERECTION  ENGINEERS 

MACHINERY  ERECTORS  AND 

MACHINERY  MAINTENANCE 

Seeley  1677 

Ttie  Industrial  Erectors,  Inc. 

1316  W.  CERMAK   ROAD,   CHICAGO 

CHICAGO 

We    "KNOW-HOW"    and    "CAN-DO" 


Serson  Hardware 
&  Supply  Co. 

Established    1907 

INDUSTRIAL  SUPPLIES — SHEET 

METAL   WORK 
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Three  little  ball  bearings 


•  •  •  and  how  they  flew 
at  100^000  RPM 


STORY  OF  THE  VT  (Variable  Time)  FUZE  . . . 

America's  VT  or  Proximity  Fuze  is  a  wonder  of  the  war  second 
only  to  the  atom  bomb.  In  the  nose  of  a  projectile,  its  miniature 
sending  and  receiving  set  sends  radio  waves  ahead.  Wlien  the 
target  is  neared,  the  waves  bounce  back  and  —  before  the 
projectile  can  miss — they  explode  it! 

This  "Seeing  Eye"  feature  was  97%  effective  against  VI  buzz- 
bombs  . . .  helped  clear  the  Pacific  beaches  for  invasion . . .  helped 
turn  the  tide  in  the  Battle  of  the  Bulge  .  .  .  raked  the  mainland 
of  Japan  . . .  and  was  deadly  against  Jap  Kamikaze  planes. 

On  land,  at  sea  and  in  the  air,  it  gave  us  a  super-accuracy  of  fire 
that  saved  countless  American  lives  and  materially  shortened 
the  war. 

...AND  THE  VT  (Very  Tough)  BALL  BEARINGS 
THAT  HELPED  MAKE  IT  POSSIBLE! 

But  to  make  such  miracles  possible,  bearings  on  the  fuze's  rotor 
and  impeller  shaft  must  withstand  100,000  revolutions  per  minute! 
Could  any  bearing  "take"  such  speeds  and  centrifugal  force? 
New  Departure  designed  ball  bearings  that  could — and  did. 
They  stood  up  .  .  .  just  as  rugged  New  Departure  Ball  Bearings 
stand  up  wherever  shafts  turn. 

New  Departure  Ball  Bearings  are  uniquely  fit  to  handle  great 
speeds — as  well  as  heavy  loads  and  requirements  of  super- 
rigidity  .  .  . 

.  .  .  but  there  is  more  to  a  ball  bearing  than  steel  and  engineering 
principles.  New  Departure,  world's  greatest  ball  bearing  maker, 
is  also  famed  for  solving  problems!  3423 


Nothing  Rolls  Like  a  Ball 

NEW  DEPARTURE 

BALL  BEARINGS 


Generator-Powered  Bomb  Fuze 

Spoiwured   bv  O.S.R  D.   and   the  17    S.   Arniv 
with  Ontral  Laboratories  at  the  NATIONAL 
BlIRKAU  OF  STANDARDS. 
Below:  V.T.  Fuzed  Rocket  in  action 


SENSITIVITY  PATTERN 

i 


BURST  PATTERN 


NEW  DEP«liTUIiE    •    DIVISION  Of  GENERAL  MOTORS    •    BRISTOL  CONN     •    Bronchss  m  DETROIT    •    CHICAGO    •    lOS  ANGEIES 
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LITHOGRAPHY  — 

(Continued  from  pa  go  10) 

production  plants  generally  were  too 
small  for  individual  action  since  they 
were  serving  commercial  rather  than 
magazine  or  newspaper  customers. 
Their  volume  of  su|)plies  was  also  still 
too  small  for  suppliers"  research  ex- 
cept as  a  hv-product  of  supplies  for  all 
the  graphic  arts.  The  lithographers 
knew  that  they  wanted  their  own  inks, 
papers,  and  other  supplies  especially 
suited  to  the  chemical  nature  of  the 
process.  And  they  felt  that  steps  could 
he  taken  to  force  fundamental  im- 
provements in  the  process,  techniques, 
and  materials  toward  lower  costs,  less 
hand-work,  greater  speed  in  produc- 
tion, and  greater  standardization. 

After  three  vears  of  discussion  and 
])lanning  they  lamiched  a  cooperative 
research  program  with  a  $75U,()()0  en- 
dowment and  a  research  lahoratorv  of 
their  own.  And  ihey  tied  to  it  an  edu- 
cational program  designed  to  collect 
and  publish  known  ])ractices  and  tech- 
niques and  supplement  tliese  with 
education  on  the  new  developments 
from  research  as  they  came  along.  The 
resulting  institution  is  known  as  the 
Lithographic  Technical  Foundation: 
concerned  with  cooperative  research, 
education,  information,  and  technical 
plant  services  onlv:  not  with  trade  re- 
lations, lahor  relations,  tariffs,  or  leg- 
islation— the  activities  that  belong  in 
associations. 

Probably  no  industry  ever  received 
so  much  direct  benefit  from  the  small 
research  expenditure  that  was  pro- 
vided by  income  from  endowment, 
supplemented  sparingly  and  only  oc- 
casionally by  s])ecial  gifts. 

It  is  more  than  coincidence  that 
since  the  establishment  of  the  Founda- 
tion the  industry  grew  from  300  plants 
doing  $75,000,000  worth  of  business  a 
year,  to  2,100  plants  doing  $300,000,- 
000  worth  of  business  a  year,  with 
more  than  a  300  per  cent  increase  in 
skilled  craft  and  front-office  personnel. 

The  industry  survived  the  1929 
crash  and  12  years  of  depression  bet- 
ter than  did  the  Foinidation  endow- 
ments. And  strangely  enough,  in  an 
industry  devoted  to  the  development 
of  an  important  channel  of  conununi- 


cation  of  ideas  and  information  to  the 
public,  a  not  too  good  job  was  done 
on  its  own  internal  informational  serv- 
ices. The  result  was  lack  of  sufficient 
knowledge  on  the  part  of  the  new  and 
even  of  the  old  plants  of  the  excellent 
research  and  educational  work  being 
done  and  which  could  be  done.  This 
resulted  in  static  rather  than  increased 
support. 

Fine,  high-speed  offset  lithographic 
presses  came  along  in  1928  with  accel- 
erated developments  in  photo- 
mechanical methods  and  equipment 
such  as  the  step-and-repeat  or  photo- 
composing  machine.  By  1935  the  in- 
dustry had  doubled  in  dollar  volume 
right  through  a  depression,  yet  it 
would  not  or  did  not  increase  its  re- 
search and  educational  activities. 

By  1940  to  1941.  the  industry  was 
quite  heavily  drafted  for  map  and  oth- 
er war  reproduction  work,  and  its 
skilled  manpower  heavily  drawn  uj)on 
for  field  sei-vice,  some  in  total  units. 
By  that  time  also,  small  and  medium 
sized  offset  equipment,  first  developed 
in  the  early  thirties,  was  being  recog- 
nized and  smaller  plants  were  grow- 
ing up  rapidly. 

By  1943.  every  lithographic  plant 
was  filled  to  capacity  and  feeling 
acutely  the  need  for  the  standardiza- 
tion of  techniques,  materials,  and  sup- 
plies and.  above  all.  the  need  for  in- 
creased skill  of  its  craftsmen. 

The  voices  of  the  research  and  edu- 
cational men  who  had  been  preaching 
these  philosophies  and  demonstrating 
their  value,  too  often  in  vain,  began  to 
be  heard.  A  demand  arose  among  the 
original  400  members  and  contribu- 
tors to  the  Foundation's  endowment 
who  had  not  reached  in  their  pockets 
to  any  extent  since  the  original  endow- 
ment was  set  up  in  1924.  ( As  usual  in 
many  industry  cooperatives,  a  few  had 
increased  their  support,  but  all  too 
few.)  They  wanted  the  pace  of  re- 
search stepped  up,  the  scope  widened 
and  the  benefits  sj)read  to  meet  the 
needs  and  opportunities  of  the  indus- 
trv. 

Reorganization  was  effected  early  in 
1944  by  increasing  the  Board  of  Direc- 
tors from  twelve  to  eighteen,  limiting 
their  term  of  office  to  three  vears,  and 
ruling  out  their  re-election.  New  offi- 
cers and  directors  were  elected  and  a 


full-time  Executive  Director  hired  to 
develop  research  and  education  pro- 
grams more  nearly  fitting  the  real 
needs,  size,  and  importance  of  the  in- 
dustry. A  program  was  projected  for 
increasing  the  endowment.  More  im- 
portant was  the  decision  to  become  ac- 
tive in  obtaining  annual  membership 
support  to  provide  increased  annual 
operating  funds. 

In  eighteen  months  the  shrunken 
endowment  of  $452,000  was  increased 
to  $1,000,000  and  annual  dues  of  S75,- 
000  a  year  obtained.  This  year  the  bud- 
get of  $150,000  based  upon  anticipated 
income  and  covering  all  activities  rep- 
resents the  equivalent  of  income  from 
a  $5,000,000  endowment  and  is  ap- 
proximatelv  six  times  the  average  for 
the  first  twenty  years.  Research  and 
educational  committees  representing 
the  best  brains  of  the  industry  have 
been  studying  the  real  needs  of  the  in- 
dustry in  true  relation  to  its  oppor- 
tunities, growth  and  development. 
Their  current  recommendation  to  the 
industry  is  for  a  budget  of  around 
$250,000,  a  little  under  one-tenth  of 
one  per  cent  of  that  part  of  lithograph- 
ic gross  sales  which  would  be  affected 
by  research  and  educational  activities. 
This  is  conservatively  in  line  with  the 
investment  in  cooperative  research  of 
those  industries  which  have  it.  The 
goal  is  to  make  educational  activities 
self-supporting  by  sup])lying  the  nec- 
essary shop  manuals,  texts,  training 
courses,  research  bulletins,  technical 
papers  (currently  106  titles)  at  cost  to 
members  and  non-members.  Lithogra- 
phers themselves  pay  60  per  cent  of 
the  cost  of  the  programs.  Because  of 
the  nature  of  their  linked  chemical 
process,  the  problems  of  the  suppliers 
and  lithographers  being  inseparable, 
suppliers  pay  40  per  cent  of  the  bill. 

Methods  of  fund  raising  employed 
in  the  first  two  years  of  reorganization 
since  1944  were  various  and  the  pro- 
grams comprehensive.  The  emphasis 
has  been  on  the  "pass  the  hat"  tech- 
nique, explaining  aims  and  objectives 
and  projected  plans  and  programs  on 
a  general  basis.  Full  recognition  was 
and  is  given  to  the  quality  of  the  splen- 
did past  accomplishments  as  justifica- 

( Continued  on  page  46) 
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(U  Semdec 


and  OPPORTUNITY 


This  is  the  organization  that  continues 
to  give  America  the  finest  telephone 
service  in  the  ^vorld: 

A  group  of  Associated  Companies 
provides  telephone  service  in  their 
respective  territories. 

The  Long  Lines  Department  of  A. 
T.  &  T.  handles  Long  Distance  and 
Overseas  service. 

The  Bell  Telephone  Laboratories 
and  Western  Electric  Company  are 
responsible  for  scientific  research 
and  the  manufacture  of  equipment. 

The  American  Telephone  and  Tele- 
graph Company,  througJi  advice  and 
assistance,  coordinates  the  activities 
of  the  entire  organization. 


This  is  the  Bell  Telephone  System. 

Here  the  man  of  engineering  skill — 
electrical,  mechanical,  civil,  industrial 
and  chemical — has  wide  opportunity 
to  help  meet  the  challenging  changes  of 
our  time.  For  telephone  engineering 
calls  for  a  broad  engineering  viewpoint 
as  well  as  specialization. 

Basic  technical  knowledge,  an  ap- 
preciation of  economic  factors  and  the 
ability  to  cooperate  are  some  of  the 
things  that  count  in  Bell  System  engi- 
neering. As  the  System  expands,  op- 
portunities for  interesting  life-work  be- 
come constantly  more  varied. 


There's  Opportunity  and  Adventure  in  Telephony      \i^^A 
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very  engineering  student  will  be  interested  in  this  Okonlte 

research  publication*  giving  data  in  connection  with  carrying 

greater  emergency  loads  on  power  cables.  Write  for  your  copy 

of  Bulletin  OK-1017.  The  Okonite  Company,  Passaic,  N.  J. 

•of  TheOkoniieCo.. 

I  the  Missouri  Valley 

District  A.I.E.E. 
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INSULATED  WIRES  AND  UBIES     „„ 
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SELECTED  MATERIALS- 
SCIENTIFIC 

HEAT  TREATMENT 


.  .  .  mean  More  Cuts 
Between  Sharpenings- 
>  Longer  Cutter  Life 
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ng.C   BROWN  &  SHARPE  MFG.  CO. 
>-— I       Providence  1,  R.  I.,  U.  S.  A. 


BROWN  &  SHARPE 
CUTTERS 


(Continued  from  page  44) 

tioii  for  increased  research  and  educa- 
tional activities. 

During  the  reorganization  and  early 
refunding  period  from  1944  to  1946,  a 
heavy  schedule  of  writing  for  produc- 
ing texts,  manuals  and  courses  to  pre- 
pare for  G.I.  and  civilian  training  was 
carried  out. 

Along  with  this  outstanding  accom- 
plishment came  the  provision  of  mod- 
ern, new  research  facilities  and  in- 
creased manpower  through  contract 
association  with  Armour  Research 
Foundation.  The  laboratories  were 
moved  to  Glessner  House  at  Chicago. 
At  the  same  time,  new  but  lower  cost 
administrative  and  educational  head- 
quarters were  provided  in  New  York. 

These  achievements  provided  inter- 
im news  while  research  and  education- 
al accomplishments  began  to  develop 
under  the  reorganization  program 
with  increased  funds.  They  also  pro- 
vided dignified,  identifying  focus 
points    in    accordance    with    ihe    licst 


practice  and  experience  of  successful, 
industrial,  cooperative  institutions. 

Currently,  the  best  methods  of  ob- 
taining increased  support  and  the  goal 
of  $250,000  to  $300,000  are: 

1  To  tell  the  industry  the  real  re- 
search needs,  specifically  what 
the  money  is  needed  for,  based  on 
surveys  and  research  committee 
analyses. 

2  To  point  out  the  need  for  long- 
term  planning  and  fundamental 
research  to  diminish  somewhat 
the  pressure  for  the  advanced 
trouble  shooting  type  of  research. 

3  To  urge  that  investment  in  re- 
search be  considered  to  be  a  pre- 
mium on  insurance  for  the  future. 

4  To  emphasize  benefits  and  ac- 
complishments (of  which  there 
are  plenty)  past,  present,  and  in 
the  future. 

5  To  publish  financial  statements, 
budgets,  lists  of  members  by  clas- 
sification, and  in  general  to  take 
members  and  prospective  mem- 
bers into  the  complete  confidence 
of  the  Foundation  management. 


Of  interest  perhaps  is  the  fact  that 
funds  raised  to  date  in  the  reorganiza- 
tion have  cost  less  than  five  per  cent. 
This  low  cost  is  due  to  activities  by  of- 
ficers, directors,  and  staff.  Cooperation 
of  trade  press  and  supplier  members 
has  been  exceptional.  Currently  oper- 
ating is  a  proven  success  of  the  war. 
the  War  Advertising  Council  formula 
of  sponsored  trade  press  and  house  or- 
gan advertising  of  high  institutional 
value  to  donors.  The  tax  situation  has 
been  favorable  although  the  war  and 
later  war  appeals  for  funds  have  had 
priority. 

Whether  the  appropriation  goah 
that  will  produce  the  greatest  benefit 
to  the  industry  and  the  greatest  effi- 
ciency of  operation  can  be  reached  de- 
pends to  a  large  extent  on  the  penetra- 
tion that  can  be  achieved  for  the  out- 
standing storj'  of  needs,  benefits,  and 
accomplishments. 

The  accomplishments,  needs  and 
benefits  lieing  emphasized  are  these : 


(Continued  on  page  48) 
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WESTINGHOUSE    CE^^ 


Harnessing  the  Power  of  Niagara 


For  thousands  of  years,  water  had  roared  over  Niagara 
Falls  at  the  rate  of  about  200.000  cubic  feet  per  second 
--representing  enough  power  to  supply  the  annual  re- 
quirements of  24,000,000  aierage  homes.  This  enor- 
mous power  continued  to  go  to  waste  until . . . 

In  the  late  1880's,  a  group  of  world-famous  engineers 
began  to  study  the  problem  of  harnessing  the  vast  power 
of  Niagara  Falls. 

A  bitter  controversy  raged  for  years  as  to  whether 
abenhiiing  or  direct  current  should  be  used.  George 
Westinghouse,  the  world's  greatest  authority  on  alter- 
nating current,  vigorously  supported  the  a-c  systcDi. 

Then, at  theChicago  World's  Fair  in  1893,Westinghouse 
demonstrated  the  unqualified  supremacy  of  the  poly- 


phase system  for  the  generation  and  transmission  of 
alternating  current  electricity. 

In  October  of  that  year  George  'Westinghouse  won 
his  famous  "battle  of  the  currents  "—and  received  the 
contract  for  three  5,000-horsepGwer  polyphase  genera- 
tors to  be  installed  at  Niagara  Falls. 

These  worlds  largest  a-c  generators  had  to  be  en- 
gineered from  the  ground  up.  But  within  two  years,  the 
three  mammoth  units  were  placed  in  operation.  And  a 
year  later  electric  power  was  supplying  the  needs  of 
Buffalo,  N.Y....20  miles  away! 

It  was  a  major  victory  for  mankind  as  well  as  for 
George  Westinghouse— for  it  set  the  pace  for  power 
development  all  over  the  tvorld. 


Westinghouse 

TODAY— The  Westinghouse  Electric  Corporation  supplies  much  of  the 
world's  needs  for  the  generation,  transmission  and  utilization  of  electric 
power.  For  instance,  throughout  the  world  there  are  Westinghouse 
water-wheel  generators  with  a  total  capacity'  of  more  than  12.000,000 
leva.  In  addition,  steam  and  engine-driven  generators,  with  a  combined 
capacity  of  many  more  million  kva,  proudly  bear  the  Westinghouse 
name  plate. 


Tune  in:  ted  MALONE,  Monday,  Wednesday,  Friday,   11:45  am,  EST,  American  Network. 
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SOMETHING     NEW 
IN    AIR    CIRCULATION 


This  illustrates  a 
24"  diameter  high 
stand  model.  It  is 
6  ft.  high  adjust- 
able to  8  ft.  Can 
also  be  supplied  in 
table     and     ceiling 


CIRCULATORS 

These  air  circulators  blow  up- 
wards, the  air  traveling  along  the 
ceiling,  down  the  walls  and  up  the 
center  again  providing  gentle  and 
complete  air  movement  of  air  in  all 
parts  of  a  room.  This  provides  more 
efficient  body  cooling  than  is  pos- 
sible with  old  style  horizontal  blow- 
ing fans.  Furthermore  there  is  no 
draft  to  cause  colds  and  sore  throats. 
Neither  does  the  RECO  blow  pa- 
pers or  other  light  material  about. 

HAS   YEAR   AROUND    USE 

In  the  winter  the  RECO,  when 
operated  at  slow  speed,  because  it 
blows  upwards,  forces  down  the  hot 
moist  air  which  is  trapped  at  the 
ceiling,  and  intermixes  it  with  all  of 
the  air  in  the  room,  providing  uni- 
form temperature  and  humidity, 
avoiding  air  stratification  and  cold 
floors.  It  also  quickly  dissipates 
smoke,  gases  and  odors. 

We  also  build  special  fans  for  re- 
frigerated spaces  and  processing 
rooms. 

Write  for  free  descriptive  litera- 
ture. 

2625  W.  Congress  St. 
Chicago   12,    III. 


(Conliniti'd  from  page  46) 

I.    Past  Benefits,  partially  sum- 
marized: 

1  \aluable  contriinitions  toward 
the  goals  of  hettt-r  offset  papers 
and  paper  conditioning  methods, 
especially  the  prehuinidified  or 
preconditioned  paj)ers  of  today. 

2  Better  press-l)lankets  and  rollers. 

3  More  reliable  al])uniin  press- 
plates,  better  understanding  of 
deep-etch  plate  methods,  and  a 
new  deep-etch  method  designed 
to  meet  the  war-time  alcohol 
shortage. 

4  Standardized  procedures:  pH 
control  of  coating  solutions  and 
fountain  etch:  hydrometer  con- 
trol of  diehroniate;  the  effect  of 
temperature  and  relatiye  humid- 
ity in  plate  making. 

5  The  trend  toward  standardization 
of  ehemieals  and  deyelopnient  of 
new  chemicals  (which  any  shop 
may  use  and  any  manufacturer 
make  and  sell  I. 

6  Standardization  of  lithographic 
inks. 

7  Improyenients  in  dot-etching. 

II.   Research    Committee's    recom- 
mended projects  for  1947: 

1  Tone  reproduction  in  half-tone 
photography:  light  sources. 

2  Standardization  of  graining  pro- 
cedure. 

3  Studies  in  desensitization. 

4  Wetability  studies  on  metals. 

5  Effect  of  relatiye  humidity  on  sen- 
sitiyity  of  dicliromated  colloids. 

6  Study  of  substitute  materials  for 
plate  making. 

7  Practical  press  testing  and  deyel- 
opnient. 

This  is  exclusive  of  special  projects 
with  private  or  group  financing,  such 
as: 

1  Resin  bonding  of  paper.  (Now  in 
progress  at  the  National  Bureau 
of  Standards.) 

2  Dermatitis  research.  (Now  in 
progress  at  Kettering  Labora- 
tories, Cincinnati.  Ohio.) 

3  Standards  and  specifications  for 
offset  papers. 

4  Cooperative  and  group  research 
on  the  ink-paper-plate  relation- 
ships in  lithography. 


5  High  speed  printing  Ijy  web  off- 
set. 

6  Blanket  research. 

III.   Education: 

1  Continuance  of  the  Foundation 
publications  at  several  technical 
levels,  which  have  been  and  will 
be  maintained  as  standard  refer- 
ence and  research  reduction-to- 
practice  texts  for  the  lithographic 
industry. 

2  Training  material  for  veterans  un- 
der the  G.  L.  Bill  and  for  young 
men  taken  on  during  the  war  pe- 
riod. By  January.  1946.  seventeen 
manuals,  fourteen  texts,  and  four- 
teen course  teaching  volumes 
were  ready,  and  four  more  teach- 
ing volumes  and  twenty-four 
Foundation  texts  will  be  added 
this  year.  The  Educational  Com- 
mittee is  recommending  for  1947: 

Eight  craft  texts. 
Eight  craft  courses. 
Four  executive  texts. 
Four  executive  courses. 
Eleven  manuals. 
Four    text    revisions    and    re- 
prints. 

Ex])loratory  text  and  course  for 
men  consi<lering  career  in  the 
industry. 
Special  puiilications. 

3  A  Litho  Training  Advisory  Serv- 
ice; help  by  mail  and  personal 
consulting  visits  to  individual 
plants  and  lithographic  areas. 

4  Employee  training  courses  in 
lithography  under  the  auspices  of 
the  Chicago  Lithographic  Educa- 
tional Committee  with  the  train- 
ing materials  of  the  Foundation; 
opened  October  1  at  Glessner 
house. 

5  Technical  service  in  plants  offered 
the  industry:  consultation  on 
over-all  problems  of  procedure, 
methods,  formulae,  recurring 
troubles,  and  steps  to  achieve 
greater  standardization. 

6  Consultation  ami  correspondence 
on  technical  plant  problems. 

7  Lithographic  abstracts,  published 
monthly. 

(Continued  on  page  50) 
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LOOK  TO  STEAM  FOR  PROGRESS 
. . .  AND  CAREERS 


JL  ODAY  tlic  Aiiu'iicaii  \va\  ol  lilc  lilcrally  runs  on  steam.  Most  of  llif 
power  tliat  i;cncratos  our  elrotricity,  drives  our  railroads  and  propels  our 
ships,  is  supplied  Ijy  steam.  And  from  steam  eomes  power  and  heat  for 
producing  most  of  our  necessities,  comforts  and  luxuries. 

As  synonymous  as  Steam  is  with  Progress,  so  B&W  is  with  Steam.  For 
over  60  years,  B&W  has  heen  designing  and  huilding  steam  generating 
equii)ment  for  industries  and  puhlic  utilities  in  this  country  and  ahroad, 
and  for  American  naval  and  merchant  fleets  that  circle  the  glohe.  It  has 
maintained  leadership  in  its  field  through  constant  development  and 
research  and  through  the  |)roduction  of  equipment  that  sets  high  stand- 
ards for  quality. 

This  policy  of  continued  pioneering  opens  many  career  opportunities 
to  graduating  technical  students;  careers  in  diversified,  expanding  fields 
of  manufacturing,  engineering,  research,  sales,  and  other  activities.  B&W 
will  he  glad  to  send  you  the  hooklet  "Your  Career"  presenting  the  story 
of  the  Bahcock  &  \\  ilcox  Company   in  terms  of  your  future. 


BABCOCK   &  WILCOX 

THE  BABCOCK  AND  WILCOX  CO. 
85  LIBERTY  STREET 
NEW    YORK     6,     N.    Y. 


Processed  by  Western  Felt  Works  in  grades 
ranging  Irom  wool  softness  to  rock  hardness, 
and  in  practically  any  shape  and  size,  felt  is 
useful  wherever  the  lob  requires  resistance 
to  heat,  age,  water,  oils;  resiliency,  flexibil- 
ity, compressibility,  or  many  other  properties 

Western  Felt  Works  engineers  will  assist 
you  in  determining  possible  uses  for  felt  la 
your  products.  Write  us  today. 

WESTERN  FELT  WORKS,  4035-41 17    Ogd 
Branch  0«ices  in  All  Principal  Cities 


Rubber,  She 


:.,  Chicago  23.  III. 


WIRING    SYSTEMS    AND    FITTINC 

FOR    EVERY    CONCEIVABLE 

REQUIREMENT 


national  Slectric 

PRO 

BoK    8?7—  Piitsburqh   39, P 
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(Continued  from  jxi^e  48) 

Generally  speaking,  research  takes 
the  directions  of  devclopinii  inijjrovc- 
nients  in  the  hasic  integrated  steps  of 
the  process,  and  removing  human  var- 
iables and  wastes  that  produce  costly 
make-overs  and  unsatisfactory  quality. 
The  program  as  a  whole  is  of  course 
tending  toward  standardization;  and 
as  improvements  and  new  materials 
and  techniques  have  come  along  new 
uses  and  new  markets  have  opened  up. 
which  have  accounted  for  more  of  the 
increase  in  volume  than  has  diversion 
from  other  processes. 

As  closely  as  funds  will  permit  the 
policy  provides  for  a  proper  jiropor- 
tion  of  long-term  fundamental  re- 
search and  advanced  troulile-shooting 
simultaneously  in  the  various  linked 
chemical  steps  of  the  process:  photog- 
raphy, color  and  tone  correction, 
plateniaking,  and  press  operation. 

This  calls  for  studies  in  tone  control 
and  densitomelric  ]>roce(hn-es;  stand- 


ardization of  the  base  metals  used  and 
means  of  producing  more  uniformly 
grained  surfaces;  for  studies  in  more 
uniform  coatings  and  in  the  light  sen- 
sitivity of  coatings;  and  the  effect  of 
temperature  and  relative  humidity  on 
the  printing  plate,  paper,  ink,  and  the 
drying  of  ink,  and  press  operation. 

As  can  be  seen  from  examination  of 
the  list  of  research  projects  currently 
recommended,  there  are  problems  in 
the  pH  control  of  fountain  solutions 
as  related  to  the  pH  of  the  inks  and 
the  paper  and  to  the  surface  chemis- 
try of  the  metal  plates  employed. 
There  are  problems  yet  unsolved  in 
relation  to  the  chemistry  of  the  ])roc- 
ess  throughout  its  parts:  ink  receptiv- 
ity, the  lithographic  properties  of 
inks,  and  ink  and  water  emulsification 
that  effects  the  quality  of  ])rinting. 
Problems  in  relation  to  the  dampen- 
ing of  the  plate  and  the  effect  of 
temperature  and  humidity  on  the  han- 
dling of  paper  as  concerns  fine  regis- 
slration  of  nnilti-color  images  are  al- 


ways present.  ] 

The  advance  through  scientific  re-  ' 
search  obviously  should  be  simultane- 
ous in  the  various  steps  of  the  process 
to  keep  them  from  jjccoming  uneco- 
nomicallv  out  of  balance. 

Alois  P.  Senefelder,  the  discoverer 
of  the  lithographic  process,  was  him- 
self a  research  man  who  made  the  best 
use  of  scientific  knowledge  available 
to  him.  He  had  several  failures  before 
he  reached  success  under  the  patron- 
age of  Gleissner,  a  musician  in  the 
Bavarian  court. 

In  common  with  research  men  now 
concerned  M'ith  the  problems  of  lith- 
ography, his  spirit  must  welcome  the 
efforts  jjeing  made  to  organize, 
finance,  and  make  available  facilities 
and  manpower  at  Glessner  House  to 
create  the  exception  to  the  rule  that 
seems  to  prevail  that  science  finds  dif- 
ficulty serving  an  industry  sprung 
from  an  art  or  a  craft  rather  than  from 
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MAYBE  YOU  NEED  A  PIANO  LESSON 


when  you  look  inside  a  piano  you  see  a  harp- 
shaped  metal  plate  on  which  the  strings  are  strung. 
Even  in  a  spinet  it  ordinarily  weighs  well  over 
100  pounds. 

"Too  heavy!"  thought  Winter  &  Company, 
who  make  pianos.  (If  you've  ever  moved  a  piano, 
you'll  agree.)  "Let's  have  Alcoa  make  an  alumi- 
num plate." 

So,  Winter's  piano  designers  and  Alcoa  engineers 
put  their  combined  experiences  together  to  de- 
velop an  aluminum  plate.  First,  a  strong  alumi- 
num alloy  had  to  be  found  because  the  strings 
put  an  18-ton  pull  on  the  plate.  A  special  alloy 
was  produced,  but  .  .  . 

As  the  strings  don't  pull  in  the  same  direction  or 
with  the  same  force,  in  time  the  plate  would  creep, 
cause  distortion,  and  the  strings  get  out  of  tune. 

Alcoa   engineers  found   a   way   to   tell  exactly 


where  and  how  great  the  strains  were  •  .  ,  figured 
out  how  to  balance  the  stresses  and  then  stabilize 
the  plate  by  an  Alcoa -developed  heat-treating 
process. 

The  result:  The  first  successful  aluminum  piano 
plate,  weighing  only  45  pounds  instead  of  125, 
with  tone  quality  enhanced. 

That  piano  plate  offers  this  lesson  for  young 
engineers  to  remember  when  they  step  from 
college  into  industry:  Take  a  look  at  aluminum — 
with  Alcoa  engineers  at  your  side — when  you 
want  strength  with  lightness  in  anything  you  are 
designing.  Ideas  click  when  men  with  imagination 
plus  engineering — "Imagineering"  as  we  like  to 
call  it  at  Alcoa — work  witli  this  versatile  metal 
and  with  the  greatest  fund  of  aluminum  knowl- 
edge in  the  world — Alcoa's.  Aluminum  Company 
OF  America,  Gulf  Building,  Pittsburgh  19,  Pa. 


Z^O.(§@Zi\ 


FIRST  IN  ALUMINUM 
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Radio  CDmrnunication  Anii  It's  Impart 
In  Internatiaiial  Helatinns 


War  revealed,  in  a  spectacular  way. 
the  vital  siffnifieance  of  coniimiiiiea- 
tions.  In  a  world  that  is  striiffiilinfi  for 
rehabilitation  from  the  ravaijes  of  war. 
there  is  no  doubt  that  coniniunieations 
represent  an  important  factor  in  hu- 
man affairs  and  in  any  formula  for 
peace.  All  forms  of  electric  connnuni- 
cation — telegraph,  telephone  and  ra- 
dio— now  are  woven  throuish  the  ]ial- 
tern  of  international  relations.  ( )! 
these,  radio  is  the  most  powerful  be- 
cause of  its  speed  and  its  al)ilitv  to 
reach  all  nations  regardless  of  liar- 
riers,  whether  oceans,  mountains,  des- 
erts, frontiers  or  censorship.  It  can 
speak  any  tongue;  it  can  speak  as  the 
voice  of  freedom  or  as  the  voice  of 
dictatorship. 

Radio's  effectiveness  depends  not 
only  upon  kilowatts  and  wavelengths, 
but  u]Jon  the  use  which  man  makes  of 
it.  The  jiower  of  radio  for  good  or  for 
evil  does  not  rest  within  the  electron 
tube  l)ut  within  tlie  minds  of  men. 
They  determine  to  what  use  we  j)ut 
this  modern  means  of  communica- 
tions, which  encircles  the  glolje  and 
travels  with  the  speed  of  light.  Radio 
can  move  even  across  240.000  mib^s  of 
outer  space  to  bring  a  radar  signal 
back  from  the  moon  in  less  than  three 
seconds!  We  have  crossed  the  tliresh- 
old  of  television  domestically  and  are 
approaching  international  television. 
Thus  we  see  how  radio  has  helped  to 
shrivel  the  size  of  the  universe;  we  lie- 
hold  its  great  power  and  the  challenge 
which  science  hurls  at  mankind. 

During  the  war,  radio  did  a  tre- 
mendouslv  effective  job  in  linking  the 
Allied  armies,  fleets  and  air  armadas. 
TIk'  inii)aet  of  war  and  its  demands 
upon  science  revolutionized  cominii- 
nications.  Todav  we  have  at  oui-  dis- 
posal    new    eleclronic    de\  ices    whicli 


make  radio  an  even  more  powerful 
force  throughout  the  world.  By  giving 
a  fair  and  lialanced  picture  of  world 
relationships  and  by  honest  dissemina- 
tion of  facts  and  news,  radio  can  be 
used  constructively  to  h(dp  achieve  a 
lasting  peace. 

For  long  years  the  portals  of  the 
British  Broa<lcasting  Com])anv  car- 
ried the  inscription,  "Nations  Shall 
Sp<'ak  Peace  Unto  iNations".  But  there 
came  a  day  when  those  words  over  the 
doorway  in  London  were  illuminated 
jiy  fire  while  exploding  bondis  and 
rockets  shattered  the  surrounding 
area.  Some  of  the  missiles  were  even 
guided  to  the  London  target  by  radio. 
So  we  see  how  important  it  is  for  man 
in  his  efforts  to  re-establish  ])eace 
throughout  the  world,  to  harness  radio 
as  a  constructive  aid  in  human  affairs. 
Man's  highest  motives  and  hoj)es.  in- 
cluding the  slogan.  "Nations  Shall 
S])eak  Peace  LTnto  Nations",  will  go 
for  naught  unless  all  nations  use  com- 
munications for  peace  with  the  same 
determination  that  they  used  it  for 
war. 

Todav,  everv  coinitrv  realizes  the 
need  for  a  powerful  globe-encircling 
voice  in  the  post-war  world.  It  is  vital 
for  friendship,  for  trade  and  for  com- 
merce. As  part  of  its  contril)ution,  the 
I  nited  States  must  develop  an  ade- 
quate plan  for  international  broad- 
caslirig. 

Wh.n  Worl.l  War  II  b.  gan.  Great 
Britain  was  at  the  forefront  in  inter- 
national broadcasting  through  the  use 
of  its  Empire  svstem  of  siiort  wave 
stations. 

Russia,  too,  had  erected  wilhin  her 
borders,  powerful  l)roadcasting  sla- 
liuns.  Their  programs  reach  all  of  Eu- 
rope and  are  ])eam(>d  to  the  East,  to 
Soulb  America,  and  to  olbiT  narls  of 


the  world. 

Germany,  before  and  during  the 
war,  operated  a  most  extensive  system 
of  world-wide  broadcasting.  Its  pro- 
grams of  pro])aganda,  developed  to  a 
point  of  psychological  warfare,  were 
a  vital  part  of  its  aggressions  upon 
humanity. 

By  comparison,  the  international 
short-wave  Itroadcasting  operations  of 
America,  before  the  war,  were  insigni- 
ficant. During  the  war,  a  number  of 
additional  stations  were  erected  and 
the  service  substantially  expanded. 
The  LT.  S.  Goverinnent  financed  this 
expansion  and  controlled  all  our  in- 
ternational broadcasting  activities 
during  the  emergencv. 

In  the  jirief  period  of  one  year  that 
has  elapsed  since  the  war  ended,  the 
American  position  in  international 
broadcasting  has  already  declined 
sharply.  Today.  Great  Britain  con- 
tinues with  her  International  Broad- 
casting services  reduced  little,  if  any. 
Russia  is  actually  increasing  her  serv- 
ices over  those  of  wartime.  The  LTnited 
States,  in  striking  contrast,  has  re- 
duced its  international  broadcasting 
services  by  more  than  one-half. 

The  curtailed  American  services  are 
under  the  auspices  of  the  State  De- 
partment and  are  financed  bv  a  tem- 
porary grant  from  Congress. 

The  questions  now  facing  us  are 
these:  How  shall  the  LTnited  States 
continue  and  ex]>and  its  vital  service 
of  international  broadcasting  so  that 
the  "Voice  of  America"  can  be  heard 
throughout  the  world?  Who  shall  con- 
trol it?  How  can  it  be  su|)ported  in 
]>cacetinie?  These  questions  pose  new 
problems  for  our  countrv  and  their 
solution  calls  for  a  new  a])proach. 


■,■».,    of    B, 
Ocloher    3.    I')46.    E. 


Gvneral    Diniil    S.irnog    „l    I'rinn-lon 
Enfinr.rmg    ,i„,l    llumnn    .1/- 
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-BAKKJaf  OXV&SN    CYUMOERS 


mSPiTAL- Sid*  Elevation,  Cut-away  Wenr 


vJxYGKN  TO  BREATHE  is  the  most  important  thing  in 
the  V  orld  to  one  who  is  ill  and  unahle  to  get  enough  for 
life  from  the  air  alone. 

The  use  of  oxygen  in  medical  practice  has  grown 
rapidly  in  recent  years.  Physicians  have  found  it  effective 
in  the  treatment  of  certain  typos  of  heart  disease, 
shock  due  to  wounds  or  injuries,  following  major  opera- 
tions, and  for  numerous  other  illnesses. 

The  need  for  extra  oxygen  is  so  frequent  in  hospitals 
that  many  of  them,  instead  of  depending  on  cylinders 
of  oxygen  brought  to  the  bedside,  now  have  convenient 
oxygen  outlets  in  many  rooms  and  wards.  Oxygen  is 
brought  directly  to  the  bedside  through  an  unseen"pipe- 
line"  from  a  centrally  located"bank"of  oxygen  cylinders. 

Oxygen  is  a  principal  product  of  Units  of  Union 
Carbide.  It  is  supplied  to  hospitals — and  in  much 
greater  amounts  to  industry  for  numerous  mass- 
production  operations — largely  through  The  Linde 
Air  Products  Company. 


Linde  Oxygen  is  now  so  readily  available  that  no  one 
need  ever  he  ivithout  oxygen  for  any  purpose.  Oxygen  is 
but  one  of  the  many  basic  and  essential  products  from 
UCC — materials  which,  all  together,  require  continu- 
ing research  and  engineering  work  with  over  a  third  of 
the  earth's  known  elements. 

FREE'  Physicians,  nurses,  teachers,  and  others  who  ivould  like  more 
information  on  the  availability  of  oxvgon,  and  on  the  various  types 
of  oxygen  therapy  equipment,  are  invited  to  ivrite  for  a  copy  of  the 

"OXYGEX  Therapy  Handbook."  Ask  for  Booldct  P  w, 

TTnion  Carbide 

^— ^     AND     CARBON     CORPORATION 

ES 

30  Ea»l  -t2nd  Street  New  'ioik  17,  N.  Y. 

Products  of  Divisions  and  Units  include — 

ALLOYS   AND    METALS  •  CHEMICALS  •  PLASTICS 

ELECTRODES.  CARBONS.  AND  BATTERIES 

INDUSTRIAL   CASES   AND   CARBIDE 


PROFESSIONAL 

(Continued  from  page  23) 

unions.  h\  retail  associations  antl  a 
lliousand-antl-one  others.  These  are 
tlie  associations  whose  members  cast 
tlie  ])allots  that  elect  public  officials. 
They  have  become  acutely  conscious 
of  the  power  thev  possess,  of  the  tech- 
niques of  political  pressure  and  how 
to  achieve  a  political  end.  But  many 
have  not  yet  learned  the  implications 
of  such  power.  They  have  not  realized 
the  measure  of  social  responsibility  in- 
herent in  such  power.  They  are  in  dan- 
i;er  of  abusing  it  as  others  have  abused 
political  power  in  the  past.  So,  it  has 
been  truly  said  that  "eternal  viligance 
is  the  price  of  lihertv." 

Upon  the  completion  of  a  course  of 
training  a  graduating  senior  must  in- 
evitahlv  become  involved  in  this  in- 
cessant human  conflict.  As  a  citizen  he 


cannot  escape  it.  He  learns  that  peace 
as  well  as  liberty  is  a  difficult  thing  to 
preserve  and  that  what  one  does, 
jointly  with  his  associates,  may  hold 
the  delicate  lialance  between  peace 
and  strife  at  home  and  abroad.  Often 
the  strife  at  home  is  but  a  larger  pat- 
tcin  of  conflict  which  has  internation- 
al implications.  Todav,  science  and 
technology  has  brought  all  the  differ- 
ent quarters  of  the  globe  so  close  to- 
gether that  it  is  impossible  to  isolate 
them  one  from  another.  In  doing  this 
science  has  become  the  greatest  cul- 
tural force  of  our  time.  It  cannot  be 
ignored.  Nor  can  it  be  made  second- 
ary to  a  study  of  the  culture  of  past 
ages.  An  understanding  of  the  past  we 
need  to  give  us  perspective.  But  an 
understanding  of  what  is  here  and  now 
is  essential  to  the  proper  perspective 
of  the  man  of  tomorrow. 


"DICKINSON"— 
the  all-purpose 
shorthand    -    - 
mastered  in  1 5 
One-Hour  lessons. 

CRAWFORD 

Secretarial  Training  Service, 
Est.  1929,  presents  a  highly 
personalized  service  for  the 
development  of  proficiency  in 
the  Secretarial  Arts  in  TWO 
months. 

SHORTHAND  is  simply  a  step  towards  a  po- 
sition—  advancement  —  read- 
justment. Make  it  a  SHORT 
step.  It  is  a  convenient  wedge 
for  those  seeking  employment 
in  specialized  fields  and  is  in- 
valuable to  the  College  stu- 
dent in  Lecture  courses. 

ALL  instruction  is  given  INDIVIDUALLY  by 
scheduled   appointment  —  Day  or  Evening. 

Shorthand,  Typewriting,  Secretarial  Bookkeeping. 


410  South  Michigan  Ave. — Suite  208 
Phone:    HARrison   2084 


GOLDENROD 
ICE  CREAM 
Served  exclusively 

at 

ILLINOIS    INSTITUTE 

OF  TECHNOLOGY 


Instruments 


SCIENTIFIC   INSTRUMENTS 

COMPARATORS 

CHRONOGRAPHS 

SPECTROSCOPES 

SPECTROMETERS 

SPECTROGRAPHS 

CATHETOMETERS 

OPTICAL  BENCHES 

INTERFEROMETERS 

DIVIDING  MACHINES 

MICROMETER  SLIDES 

READING  TELESCOPES 

MEASURING  MICROSCOPES 

TOOLMAKER  MICROSCOPES 

THE  GAERTNER  SCIENTIFIC 

CORPORATION 

1206  Wrightwood  Ave.,  Chicago 


Jewelers 


SPIES   BROS.   INC. 

Manufacturing  Jetvelers 

Loop  Office:  27  E.  Monroe 

Tel.  RANdolph  4149 

Factory:    1140  Cornelia 

Tel.    LAKeview   7510 


CHICAGO 
KENTcOLLEGEof 

LAW 

Founded  1887 

Independent— Endowed— Non-Sectarian 

Afternoon  and  Evenins  Classes. 

Tel.  Dea.  6055.  College  Bldg.,  10  N.  Franklin  St. 


THE  STAR  OIL  COMPANY 


ESTABLISHED  1890 


LUBRICATING    OILS    AND    GREASES 

Telephone    Seeley   4UI0 


348  North  Bell  Avenue,  Chicago 
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Photo  by  Despatch  Oven  Company,  Minneapolis,  AUnnesota 


WITH 


GAS 


Mr    C.  D.  Pruden,  Vice-President  and 
Manager,  points  out  several  addmonal 

advantages  of  GAS-fired  ovens: 

unexcelled  uniformity 

of  product 

increased  production 

through  rapid 
baking 

cleanliness  of 

core-rooms 

safety  of  operation 

simplicity  of  controls 


FOR  ALL 
INDUSTRIAL  HEATING 


Conversion  to  core-ovens  fired  by  natural  gas  has 
proved  to  be  a  profitable  investment  for  the  South 
Park  Foundry  and  Manufacturing  Company,  South 
St.  Paul,  Minnesota.  GAS-firing  reduced  fuel  costs 
bv  two-thirds. 

Conversion  to  Gas  is  a  consistent  trend  in  industrial 
and  process  applications  because  of  these  important, 
inherent  features  of  GAS: 

•  DEPENDABILITY 

•  FLEXIBILITY 

•  CONTROLLABILITY 

•  ECONOMY 

•  CLEANLINESS 

You  will  want  to  study  facts  and  figures  on  applica- 
tions of  GAS  in  your  building  or  modernization 
planning. 


Visit  the  A.  G.  A. 
Combined  Industrial  Gas  Exhibit 

NATIONAL   METAL    CONGRESS    AND    EXPOSITION 
Atlantic  City,  November  18-22 


AMERICAN  GAS  ASSOCIATION 

420  LEXINGTON  AVENUE,  NEW  YORK  17,  N.Y. 


OCTOBER,   1946 


55 


Hansell-Elcock  Company 

Fabricators  of  Structural  Steel 
Manufacturers  of  Gray  Iron  Castings 


GENERAL    OFFICE:    485  WEST    23rd    PLACE 
CALumet   7000  CHICAGO   16 


247,000  TONS  OF  EXPLOSIVES  MOVE  SAFELY  BY  RAIL 

Accident-Free  Record  Of   1945  Marks  Twentieth  Year  Without  Death  Or 
Injury  From  Transportation  Of  Commercial  Explosives. 


More  than  247.000  toiisi  of  coiiiiiior- 
cial  explosives  were  safelv  sliipjjed 
over  the  railroads  of  the  I'liited  States 
and  Canada  durin<i  1945.  without  in- 
jury to  a  single  person  or  daniape  to 
any  property  from  accidental  explo- 
sion, according  to  a  rej)ort  just  issued 
l)y  H.  A.  Canip])ell.  Chief  Ins])ector. 
Bureau  of  Explosives.  Association  of 
American  Railroads. 

"The  period  marked  the  tweiilielh  eon- 
seoutive  year  in  whieh  neither  dynamite 
nor  blaek  powder  has  been  involved  in 
any  kind  of  aeeidental  explosion  during 
transit  over  the  rails  of  the  Ivto  coun- 
tries,"' the  report  continues. 

"Increased  use  of  explosives  in  the 
productive  operations  of  industry  for  the 
war  program  made  last  year's  achievement 
an  outstanding  addition  to  the  already  im- 
pressive record  of  safe  transportation  of 
explosives." 

During  the  year  458.601,000  pounds 
of  dynamite  and  28,817,000  pounds  of 
black  powder  were  used  in  the  I'nited 
Slates  and  Canada.  These  explosives  were 
important  in  agriculture,  constructiim. 
mining,   and   quarrying.   Most  of   the   ton- 


nage of  explosives  was  shipped  by  rail. 
The  report  adds: 

"Normally  about  ."i.OOO  cars  laden  with 
blasting  agents  for  industry  are  on  the 
move  or  standing  on  tracks  in  the  llnited 
Slates  and  Canada  at  all  limes,  which 
means  about  one  explosives  oar  for  every 
60  miles  of  trackage. 

"Organized  effort  to  safeguard  the 
thousands  of  railroad  passengers  and  em- 
ployes who  daily  come  close  to  these  cars 
began  in  1907.  That  year  exposives  fig- 
ured in  79  railroad  accidents.  Fifty-two 
persons  were  killed  and  80  others  were 
injured.  Propertv  loss  amounted  to  about 
$.500,000,000. 

"Manufacturers  of  explosives  and 
the  American  Railwav  Association 
launched  an  intensive  campaign  of  co- 


operation to  eliminate  this  loss  of  life 
and  ])roperty.  In  1907  the  Bureau  for 
the  Safe  Transjjortation  of  Explosives 
was  estahlished  hy  the  Railwav  Asso- 
ciation with  75  railroads  participat- 
ing. The  hureau  is  maintained  hv 
lunds  contrihuted  hy  railroads,  manu- 
facturers of  explosives  and  other  dan- 
gerous articles,  container  maiuifactur- 
ers.  and  express  coiupanies." 


GINN  and  COMPANY 

EDUCATIONAL  PUBLISHERS 

2301-2311  Prairie  Avenue 

Chicago  16,  Illinois 


•  fttPiiiidjX'' 


ACME  CO^Y  CORP. 


53    WEST 

WABASH  6743 


lACKSON    BLVD. 
CHICAGO 
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Du  Pont  Digest 

Items  of  Interest  to  Students  of  Chemistry,  Engineering,  Physics,  and  Biology 


New  Plastic  Resists  Heat,  Acids,  Electricity 


"Teflon,"  Product  of  Group 
Research,  is  Solving   Diffi- 
cult  Problems  in  Radar, 
Television  and  Industry 

A  group  of  Du  Pont  research  men 
were  looking  for  a  new  refrigerant  of 
•a  particular  type.  These  men  found 
what  they  were  after;  but,  as  so  often 
has  been  the  case,  they  found  some- 
thing more — this  time  an  industrial 
plastic  whose  unique  qualities  make 
it  invaluable  in  many  fields. 

During  the  study,  the  chemist  in 
charge  proposed  a  route  to  the  syn- 
thesis of  HCF„CF,C1  via  tetrafluoro- 
ethylene,  CF„=CFo.  In  working  with 
the  latter,  a  chemically  reactive  gas 
boiling  at  -76.3C.,  760  mm.,  it  was 
learned  that  it  polymerized  to  form 
a  resin  having  unusual  properties. 

After  evaluation  by  organic  and 
physical  chemists,  physicists  and 
electrical  experts,  a  suitable  process 
for  the  difficult  manufacture  of  this 
product  was  worked  out  by  the  chem- 
ists in  collaboration  with  chemical 
and  mechanical  engineers. 

Structure  and  Properties 

"Teflon"  is  made  by  polymerizing 
gaseous  tetrofluoroethylene  to  give 
a  sohd,  granular  polymer: 


rooooo    0 


Controlled  at  this  one  panel  is  all  the  equipment  for 
producing  the  polymer  from  which  is  made  "Teflon." 


"Teflon"  uighti  resists  boilmg  acids  and  solvents 
to  a  degree  unrivaled  by  other  plastics. 


"(1=1) 


F  F  F  F 

.  C-C-C-C  . 

F  F  F  F 


The  fluorine  atoms  in  the  molecule 
impart  exceptional  properties  of  re- 
sistance to  heat  and  chemicals. 

"Teflon"  has  unusual  heat  resist- 
ance. Having  no  true  melting  point, 
"Teflon"  decomposes  slowly  to  give 
the  gaseous  monomer  and  a  few 
other  gaseous  fluorine  derivatives  at 
around  400°C.  Under  certain  condi- 
tions small  amounts  of  fluorine-con- 
taining gases  have  been  observed  at 
temperatures  above  230°C.  Because 
of  its  heat  resistance,  gaskets  and 
wire  insulation  for  jet  engines  are 
now  made  of  this  plastic.  It  is  also 
used  in  aircraft  ignition  systems  near 
sparkplugs  and  in  high-temperature 
heating  systems. 

The  chemical  resistance  of  "Tef- 
lon" is  such  that  it  withstands  the 
attack  of  all  materials  except  molten 
alkali  metals.  Boiling  in  acid  (aqua 
regia,  hydrofluoric  acid  or  fuming 
nitric  acid)  will  not  change  its  weight 


or  properties.  For  this  reason  it  may 
have  wide  use  in  such  applications  as 
tubing  and  piping  for  chemical  plants 
and  acid-distillation  equipment. 

Because  the  dielectric  loss  factor 
is  extremely  low,  even  at  frequencies 
up  to  3000  megacycles,  it  is  an  ex- 
cellent insulating  material  for  cur- 
rents of  ultra-high  frequency.  Its 
heat-resisting  and  aging  qualities 
suggest  immediate  uses  as  a  dielectric 
in  coaxial  cables  for  color  television, 
and  in  radar  and  power  fields. 

Forms  of  "Teflon"  Available 

By  use  of  special  techniques  the  new 
plastic  can  be  extruded  as  rods, 
tubes  or  wire  coating.  In  general,  its 
extrusion  rates  are  low  in  compari- 
son to  other  thermoplastics  because 
of  its  resistance  to  softening. 

More  facts  about  "Teflon"  are  in 
Du  Pont  Plastics  Technical  Service 
Bulletin  No.  13.  Send  your  request 
to  2521  Nemours  Bldg.  Wilmington 
98,  Del.  "Teflon"  is  one  of  the  many 
products  which  represent  the  work 
and  skill  of  Du  Pont  men,  who,  work- 
ing as  a  team,  contribute  toward  a 
better  America  for  you  and  all  of  us. 


Questions  College  Men  ask 
about  working  with  Du  Pont 

"WILL  I  STAY  IN  ONE  FIELD 
AT  DU  PONT?" 

The  first  po.sition  of  a  new  man  at 
Du  Pont  is  based  on  his  expressed  prefer- 
ence and  an  estimate  of  his  aptitudes  and 
abilities.  Subsequent  work  may  be  in  the 
same  or  other  fields,  as  openings  present 
themselves  in  research,  production  or 
sales  divisions.  Keynote  of  Du  Pont  per- 
sonnel policy  is  promotion  from  within 
on  a  competitive  merit  basis. 


More  facts  about  Du  Pon(— Listen  to  "Cavalcade  of  America,"  Mondays,  8  P.M.  EST,  on  NBC 


BETTER    THINGS    FOR    BETTER    LIVING 
..  .THROUGH    CHEMISTRY 

E.    1.    DU    PONT    DE    NEMOURS    &    CO.    (INC.) 
WILMINGTON  98,  DELAWARE 
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Insurance 


JOHN  S.  DELAAAN 

Class  of  '38 

Annuities 

Life  Insurance 

Retirement  Plan 

Accident  &  Health 

Juvenile    Insurance 


THE  GREAT-WEST  LIFE 

ASSURANCE  CO. 

1030  Field  BIdg.,   135  S.  LaSalle  St. 
Chicago  3,   III.  Randolph  5560 


Printing 

LETTERHEADS 

To  business  correspondents  who  do  not 
know  you  personally,  or  who  have  not 
seen  your  place  of  business,  your  letter- 
head refleCTs  the  personality  of  your  firm 

FRfiNE  W.  DIQCK  &  Company 

432  South  Dearborn    •    Chicago 

cJ^eiieyhead  Cytpltsis 


THE  CHIEF   PRINTING  CO. 

691  1  South  Chicago  Avenue 

Telephone   MIDway   2100 

CHICAGO 


Real  Estate 


WALLACE  DON 

HAMILTON    BROS. 
Real   Estate 

CHESTER  CHARLES 


Management  Engineers 


GRIFFENHAGEN   &   ASSOCIATES 

Established  in  1911 

CONSULTANTS   IN   MANAGEMENT 

Advice    and    technical    assistance    on    problems    of 

policy,  organization,  procedure,  personnel,  and  finance 

Call  E.  O.  Griffenhagen,  senior  partner,  Randolph  3686 


Planographing 


S^ 


land 


Process   Machinery 


UNOGRAPHl 


An  economical  reproduction  process  for  Office 
Forms,  Charts,  Diagrams,  Graphs,  Specifica- 
tions, Testimonials,  House-Organ  Magazines, 
Bulletins,  Maps  and  many  other  items. 


No  Run  Too  Long 


No  Run  Too  Short 


Estimates  will  not  obligate  you 
in  any  way.  WRITE  OR  CALL 

^  CHICAGO  PLANOGRAPH  CORP. 

^    517  S.  JEFFERSON  ST.,  CHICAGO  7 


HARmsoN8835 


F.  M.  deBeers  &  Associates 

20  N.  Wacker  Drive  Rand.  2326 

CHEMICAL  ENGINEERS 


Repr 


senting  —  well    kno 
alified    builders   of 


Process  Machinery  and  Equipment 

•  MULTIPLE    e£Fect    evaporators — all    types. 

•  F.C.  CONCENTRATORS — for  high  den- 
sity work. 

•  FILTERS — Vallez  Pressure  Units — contin- 
uous pressure  type — all  styles  rotary  vac. 
drum   filters. 

•  SPIRAL,  plate-type,  counter-flow  heat  ex- 
changers. 

•  CENTRIFUGALS  —  perforate  and  solid 
baskets — any  metal.  Centroid  speed  con- 
trol. 

•  MULTI-STAGE  VACUUM  UNITS  —  for 
vac.  cooling — vac.  refrigeration.  Steam  jet 
equipment — condensers. 

•  CHEMICAL  STONEWARE  —  Mid-West- 
ern    representatives    General    Ceramics    Co. 


ARF  — 

(Conliniird  from  page  20) 

The  myriad  of  proljlems  encoun- 
tered in  Mexico's  expanding  industry 
calls  for  consultation  to  gain  the  know- 
how  established  in  other  countries, 
training  of  technical  personnel  to 
meet  the  immediate  problems,  explo- 
ration to  evaluate  the  resources  natur- 
al to  the  country,  and  research  to  over- 
come the  diflficult  prol)lems  not  solved 
by  the  simpler  approaches  and  to 
adapt  new  materials  and  new  proc- 
esses to  the  industry.  Not  every  indus- 
try can  afford  to  set  up  its  own  research 
organization.  A  research  institute  to 
serve  industry  is  the  most  logical  solu- 
tion to  this  problem.^ 

Mexico  is  definitely  industrializing. 
What  degree  of  industrialization  she 
can  reach  or  how  rapidly,  it  is  difficult 
to  say.  The  role  of  technology  in  this 
program  is  being  realized  by  a  number 
of  leaders  and  they  are  taking  active 
steps  in  the  form  of  training  technical 
personnel,  exploring  their  resources, 
setting  up  standards  laboratories,  etc., 
in  order  to  support  the  program  with 
a  firm  technical  foundation. 


the 


slilule    to 

scribed  in  Ihe  Armour  Research  Foundation  report  to  I 
Banco  de  jMexico.  Technological  Audit  of  Sclecled  Mexic, 
l,„l,i!.rries.  bv  Francis  Godwin,  Milton  E.  Nelson,  ai 
lloi.erlo   Villasenor,   1946. 


Screw  Machine  Products 


mgum 


Clean  preciiion  work 

made  exact  to  ipecificationa. 

Capacity  1/16"  to  2%" 


C.  A.  Knuepfer  '16 
Fretident 


W.J.Tarrant,  '28 
Vice-President 


Qeneral  6ngineeringWorhs 

4707  W.  Division  Street  •  Chicago,  SI 
Telephone  Mansfield  2866 


Solders  and  Babbitts 


■  T  A  L   c  o.^ 

CHICAGO      •      ILLINOIS 
FOR  QUALITY 

Solders,  Babbitts 

CASTING  WHITE  METAL 

ALLOYS 
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NOW  READY- New  and  enlarged  edition 
''REFERENCE  DATA  for  RADIO  ENGINEERS" 


Compiled  especially  for  Radio  £'ii  gin  eers. 
Students  of  Engineering,  Educators,  Electronic 
Technicians,  Radio  Amateurs,  Inieiitors. 

The  second  edition  of  this  widely  accepted  pocket-size  hand- 
book  .  .  .  revised  and  enlarged  .  .  .  now  includes  important 
radio  technical  data  developed  during  the  war. 

Compiled  jointly  hy  the  physicists  and  electronic  specialists 
of  the  Federal  Telecommunication  Laboratories  and  the 
International  Telephone  and  Telegraph  Corporation,  the 
material  in  this  new  hook  has  behind  it  the  technical  authority 
of  an  organization  with  international  leadership  in  radio, 
communications  and  television. 

Enlarged  from  200  to  336  pages  with  over  400  charts  and 
diagrams,  it  makes  available  quickly  the  answers  to  problems 
that  normally  arise  in  practical  radio  work.  This  ready  refer- 
ence feature  is  one  reason  why  Reference  Data  for  Radio 
Engineers,  in  its  earlier  edition,  received  such  an  enthusiastic 
welcome  by  electronic  specialists.  Orders  totaled  more  than 
50.000  copies.  With  the  wealth  of  new  material  now  included, 
the  second  edition  can  be  of  even  greater  aid  to  the  practicing 
radio  engineer. 

Commenting  on  the  first  edition.  Walter  J.  Seeley,  Chair- 
man, Department  of  Electrical  Engineering,  Duke  University, 
wrote  enthusiastically: 

"It  is  so  chock  full  of  useful  data  that  I  am  urging  all  stuelents 
to  purchase  their  own  personal  copies  .  .  .  fills  a  long-felt  need 
for  a  convenient  compilation  of  both  mathematical  and  engi- 
neering data,  and  the  combination  uill  be  appreciated  by  all 
who  have  to  trork  tvilh  radio  circuits  and  their  concomitant 
mathematics.  That  applies  especially  to  teachers  and  students 
and  I  should  not  be  surprised  if  it  becomes  a  must  in  many 
college  courses.^^ 

The  new,  second  edition  of  Reference  Data  for  Radio  Engi- 
neers, in  green  cloth  binding,  revised  and  enlarged  to  include 
much  new  data,  is  ready  now.  To  order,  merely  fill  in  the 
convenient  coupon. 
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Get  off  to  a  better  start 
in  engineering      .      .      .      . 

WITH  A  BETTER  KNOWLEDGE  OF 
TJMKEN  BEARINGS 


TIMKEN 

TAPEREO  Toller  'rearimgs 


A.  good  start  is  half  the  race.  The  more  you  know  when 
you  graduate,  the  better  your  opportunity  for  success. 

Your  professors  have  your  best  interests  at  heart,  but  what  you 
learn  outside  the  classroom  will  be  a  plus  advantage  of  great  value 
when  you  toe  the  mark  for  the  start  of  your  career. 

Take  bearings  for  example.  No  form  of  mechanical  equipment  with 
rotating  parts  can  operate  without  them.  By  acquiring  now  a  thor- 
ough knowledge  of  Timken  Tapered  Roller  Bearings — their  design, 
application  and  possibilities — you  will  be  in  position  to  meet  and 
beat  any  bearing  problem  you  ever  may  encounter. 

For  Timken  Bearings  have  proved  their  ability  to  serve  in  machin- 
ery throughout  all  industries  and  have  received  the  universal  ac 
ceptance  and  preference  of  engineers  everywhere.  They  are  the 
bearings  experienced  engineers  specify  more  than  any  others. 

Our  engineers  will  help  you  to  become  a  bearing  specialist.  Write 
us  today  and  tell  us  what  course  you  are  studying.  The  Timken 
Roller  Bearing  Company,  Canton  6,  Ohio. 


60 


ILLINOIS  TECH  ENGINEER 


Birthday  suits"  need  special  grooming 


To  prevent  chafing,  a  baby's  talcum  powder  must  be 
unusually  soft,  fluffy  and  clinging — and  water  repellent, 
too.  Because  zinc  and  magnesium  stearates  possess  all 
these  qualities,  they  are  used  in  this  as  in  all  types  of 
cosmetic  powders  .  .  .  just  one  of  their  many  applications. 
And  other  precipitated  metallic  stearates  are  widely 
used  in  industrj-  ...  to  increase  the  viscosity  and,  thu.s, 
the  lubricating  properties  of  industrial  oils  and  greases 
.  .  .  to  impart  desirable  "flatness"  and  anti-settling 
properties  to  paints  ...  as  waterproofing  agents  in  tex- 
tiles and  building  materials  ...  as  dusting  and  lubricat- 


ing agents  in  the  molding  of  rubber  and  plastic  products. 
Witco  now  offers  the  following  stearates  (some  in 
several  grades  for  specific  applications):  aluminum, 
barium,  calcium,  lead,  lithium,  magnesium,  sodium 
and  zinc.  If  you  have  plans  requiring  special  qualities 
in  these  and  other  basic  materials — chemicals,  oils, 
pigments,  waxes  and  asphalts — call  on  AVitco  for 
practical  cooperation. 

WiTCo  Cheiiical  Company,  295  Madison  Avenue,  New  York 
17,  N.  Y.;  Boston;  Chicago;  Detroit;  Cleveland;  Akron;  San 
Francisco;  Los  Angeles.  . .  .Loudon  and  Manchester,  England 


WiTco  Chemical 

MANUFACTURERS    AND 


Company 


EXPORTERS 


RiGHT  COMBiNATiON  OFTHE 
WORLD^S  BEST  TOBACCOS, 


Always  BuyCHESTERFIELD 


Copyright  19-16,  Liccin  ii^  M\lk>  Tooacco  Co 
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U.  J-  Hc.viiolils  Tobacco  Company,  Winston- Salem,  N.  C. 


JET  DESIGNE 

The  Story  of 

ALAN  HOWARD 


IN  CHARGE  of  a  group  of  G-E  gas- 
turbine  engineers  and  technicians, 
Alan  Howard  has  directed  the  design 
and  development  of  two  General  Elec- 
tric engines  that  are  todav  powering 
some  of  our  fastest  planes. 

One,  the  T-G  100,  or  Propjet,  is  the 
first  propeller-drive  gas  turbine  in  the 
world.  Giving  jet  thrust  in  addition 
to  spinning  a  propeller,  the  Propjet 
joins  with  a  pure  jet  "booster"  engine 
in  the  Consolidated  XP-81  to  provide 
the  small,  sleek  fighter  with  nearly 
as  much  power  as  a  Superfortress! 

Alan's  second  design,  the  T-G  180, 
is  a  pure  jet  engine,  a  departure  from 
earlier  jets  in  that  it  is  designed  on 
"axial  flow"  principles  which  make 
possible  a  super-streamlined  torpedo 
shape.  It  is  the  power  plant  for  the 
Republic  XP-84  Thunderjet. 

Gas-turbine  engineering  is,  of 
course,  a  highly  specialized  field. 
Alan,  however,  is  thankful  today  not 
so  much  for  any  special  knowledge  he 
learned  in  college,  but  for  the  solid 
understanding  of  engineering  funda- 
mentals which  he  gained  as  he  worked 
for  his  B.S.  degree  at  Purdue.  This 
understanding  enabled  him,  on  com- 
ing on  "Test"  with  G.E.,  to  switch 
from  electrical  to  mechanical  engi- 
neering and  to  work  in  such  diversi- 
fied fields  as  television,  mercury  boil- 
ers, steam-electric  locomotives  and 
steam  turbines. 

When,  in  1941,  Alan  Howard  under- 
took the  design  of  Propjet  and  axial- 
flow  engines,  his  sound  training  in 
basic  engineering  principles,  followed 
by  his  years  of  practical  experience 
with  G.E.,  fitted  him  well  for  success. 

Next  to  schools  and  the  U.S.  Govern- 
ment, General  Electric  employs  more 
college  engineering  graduates  than 
any  other  organization. 


At  Purdue  University,  Alan  majored 
trical  engineering.  His  thesis  outlined 
of  ptiotographing  arcs. 


Witti  G.E.,  one  of  his  early  jobs  was  on 
mercury  boilers.  Model  shown  here  served  as 
guide  for  construction  of  full-size  plant. 


Assigned   to   work  on   gas  turbines,  Alon   de-  Flight   engineers   predict   a    bright   future   for 

signed   an  improved   "axial-flow"  jet  engine,  his   Propjet   engine,   which   gives   planes   both 

giving  planes  like  the  XP-84  Thunderjet  great  propeller-drive   and  jet  thrust.  It  may   power 

power,  speed  and  long  range.  big  commercial  oirliners  tomorrow. 
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Chemistry  gives  lumber 
longer  life  •  •  • 


ir  ,iml  spnimm^  which  sh,„r  ihv  rxcrllr,,!  ,)r,.«.v,  uliie 
i/nalilirs  oj  Pcnlacltliirphenol.  The  littt  pieces  ijrt  the 
riftht  ivere  impre/Jiiittled  wilh  ibis  prolcttlim  a/tainsl 
decay.  All  four  pieces  were  buried  underground  for 
sir  years  in  a  Dow  lest  plol. 


Growing  trees  ran  fight  their  own  hattles  against  nianv  common 
destructive  forces.  Nature  has  seen  to  that.  But  power  poles,  fence 
posts  and  structural  iuniher  are  dead  wood  and  suffer  greatly  from 
insect  attack  and  the  conditions  that  create  decay.  Heres  where  the 
chemist  steps  in  and  takes  over  nature's  job  to  give  lumber  longer  life. 

During  the  past  decade,  notable  progress  has  been  made  in  developing 
|)reservative  treatments  for  the  protection  of  wood.  Studies  under- 
taken bv  Dow  technicians  have  residted  in  a  new  preservative  known 
as  Pentachlorphenol  which  is  being  used  successfuUv  without  the 
attendant  disadvantages  of  the  older  commonly  used  materials. 
Pentachlorphenol  gives  every  assurance  of  greatly  extending  the 
useful  life  of  lumber. 

Development  of  chemicals  for  treating  lumber  is  only  one  phase  of 
the  Mork  that  is  constantly  underway  at  Dow.  Our  interests  range 
from  ultra-light  magnesium  to  chemicals  that  luomole  the  health  of 
the  Nation  and  the  progress  of  every  industry. 

The  scientific  mind  and  the  scientific  method  are  of  lirst  iniporlance 
to  Dow. 

THE    DOW    CHEMICAL    COMPANY,    MIDLAND,    MICHIGAN 
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CONTRIBUTORS 

Agne88  Joslyn  Kaufman  is  one  of 

the  Registrars  at  Illinois  Institute  of 
Technology.  At  the  time  of  the  consolida- 
tion of  the  two  schools  in  1940,  she  was 
Registrar  of  Lewis  Institute,  having  pre- 
viously been  Assistant  to  the  Director. 
Miss  Kaufman  received  her  Academic 
Diploma  as  Associate  in  Arts  at  Lewis,  and 
the  degrees  of  B.A.  and  Ed.B.  at  the  Uni- 
versity of  Chicago.  She  has  been  active  in 
committee  work  in  the  American  Associa- 
tion of  Collegiate  Registrars,  and  has  been 
successively  Secretary  and  Treasurer,  Vice 
President,  and  President  of  the  Illinois  As- 
sociation of  Collegiate  Registrars.  She  has 
received  from  the  University  of  Chicago 
an  Alumni  Citation  for  excellence  in  per- 
sonnel work.  More  than  anyone  else  now 
on  our  staff  Miss  Kaufman  is  familiar  with 
the  history  of  Lewis  Institute  and  with  its 
spirit  and  traditions. 

Earl  C.  Kubicek,  Executive  Secretary 
of  The  Illinois  Tech  Alumni  Association, 
received  his  B.S.  degree  in  Architecture 
from  Armour  Institute  of  Technology  in 
1933. 

Interest  in  the  personal  papers  of  a 
great-grandfather,  a  Union  soldier  held  as 
a  prisoner  in  Libby  Prison  in  Richmond, 
Virginia,  during  the  Civil  War,  led  to  the 
study  of  Abraham  Lincoln. 

Extensive  travel  throughout  the  coun- 
try associated  with  Lincoln  and  his  family 
has  resulted  in  a  large  collection  of  books, 
photographs  and  incidental  material  per- 
taining to  Abraham  Lincoln,  his  family 
and  associates. 

K.  W.  Miller,  Chairman  of  the  Elec- 
trical Engineering  Research  Division  of 
Armour  Research  Foundation,  is  a  grad- 
uate of  the  University  of  Illinois  with  a 
B.S.  degree  in  Electrical  Engineering.  He 
received  his  M.S.  degree  from  Union  Col- 
lege. Previous  to  joining  the  staff  of  the 
Foundation,  for  fourteen  years  he  was  Di- 
rector of  Research  for  the  Utilities  Re- 
search Commission.  He  is  a  member  of  the 
A.I.E.E.,  Sigma  Xi,  Chicago  Physics  Club, 
American  Physics  Society,  and  Tau  Beta 
Pi. 

Hugh  J.  McDonald  is  Professor  of 
Chemistry  and  Director  of  the  Corro- 
sion Research  Laboratory.  He  is  also  a 
members  of  the  Board  of  Directors  of  the 
National  Association  of  Corrosion  Engi- 
neers, vice-chairman  of  the  Corrosion  Di- 
vision of  the  Electrochemical  Society,  sec- 
retary-treasurer of  the  American  Coordi- 
nating Committee  on  Corrosion  and 
Chairman  of  the  University  Conference 
on  Corrosion  and  Metal  Protection.  He  is 
editor  of  the  Journal  of  Corrosion,  the 
theoretical  section  of  the  technical  maga- 
zine Corraswu  and  Material  Protection. 
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hat  one  gift  would  please  them  all  ? 


No  matter  what  their  tastes  .  .  .  their  hobbies  .  .  .  their  likes  or 
dislikes  .  .  .  there's  one  gift  that  will  please  them,  each  and  every  one. 
That  gift  is  a  United  States  Savings  Bond. 

This  Christmas,  put  at  least  one  Savings  Bond  under  the  tree  for 
someone  you  love. 


Contributed  by  this  magazine  in  co-operation 
with  the  Magazine  Publishers  of  America  as  a  public  service. 
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Using  Mechanical  and  Dielectric  Stpengfli 


SYNTHANE  laminated  phe- 
nolic, sandwiched  between 
and  bonded  to  layers  of  a  re- 
silient material,  is  the  basis  of 
an  interesting  plastics  applica- 
tion. 

The  assembly  — a  condenser 


—  depends  upon  the  resilient 
material  for  a  perfect  seal  when 
the  edge  of  tlie  can  is  crimped. 
Synthane  backs  up  the  resilient 
material,  provides  needed 
strength  and  rigidity,  and  is  also 
an  excellent  electrical  insula- 


tor, unaffected  by  condenser  oil. 
Synthane  Fabricated  Parts 
are  produced  by  men  who  know 
how  to  make  plastics  and  how 
to  machine  them,  using  special- 
ized equipment.  Syntliane  Cor- 
poration, Oaks,  Pennsylvania. 


SYRITHAXE    TECHXICAL   PLASTICS 

1  CSHPRESSnt     ^^^/^ 


DESIGIV  •  MATERIALS  •  FABRICATION 
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,  .     cDcriMFN  PREPARATION  EQUIPMENT  AND 

SUPrllW  rvn  l  ••••  complete  Buehler  line  of  equip- 


Spec 

men    Mount 

Pres 

No.  1315 

has  c 

omplete  ac- 

cessi 

bility,     no 

enclc 

sed   pans.  ^ 

Smo 

oth    per-J 

form 

anceper-l 

mits 

speed  and 

a  c  c  I 

1 r  a  c  y    in 

operation.    Solid 

Abrasive  Cut-off  Machine,   Model  No.   1000, 
is  a  solidly  built,  heavy  duty  piutc  of  equip- 
ment free  from  sideplay  or   vibration   with 
capacity  for  cutting  spec 
3-1/2".  Cutting 
wheel  and  is  controlled  by  a 
side  lever.  The  driving  moio 
closed   ball   bearing,    3    hp.   witP 
motor  driving  the  self-contained 
tern.   Overall   dimensions   of   cabinet    31 
47"  X  64".  Shipping  weight,  HOO  lbs. 


raised  and  the 
cooling  blocks 
swing  into  posi- 
tion without  re- 
leasing    pressure 


ally 
sepa, 
ling  sys 


tor  shaft.  Motor 
enclosed  with  sul 
ting  of  samples  u 

weight,  575  lbs. 


1  hp.  Cut-ofF  Machine 
jnted  directly  on  mo- 
ball  bearing  completely 
ient  power  for  fast  cut- 
to  I"  diameter.  Overall 
28"   X   50".   Shipping 


This 


)ld. 


rapid  cool- 
ing permits  pro- 
duction of  trans- 
optic  mounts  in 
a  few  minutes. 
Shipping  weight, 
100  lbs. 


Heavy  Duty 

Wet 

Power  Grinder 

No. 

1215.    for    CO 

and  medium  c 

jarse 

grinding.    The 

en- 

tire  surface  o 

the 

12"    wheel    is 

ex* 

posed  for  grinc 

Ing: 

thus  p 


1  ge  of 


grinding  speeds, 
self-contained  re- 
circulating cooling 
system  supplies  a 
soluble  oil  coolant 
independently  to 
each  wheel.  A  fea- 
ture of  this  ma- 
chine is  its  freedom 


We«  Power  Grinder  No.  1210,  powered  with 
a  3/4  hp.  totally  enclosed  ball  bearing  motor 
has  two  12"  water  cooled  wheels  fitted  with 
closed-in  guards  and  non-shatterable  shields. 
Suitable  for  coarse  and  medium  grinding. 
Shipping  weight,  310  lbs. 


Emery  Pope 

Disc 

Grinde 

r  No.  1400,  motor 

shaft 

s  exte 

nded 

to    pro 

'ide  four  grinding 

surfaces    for 

four 

grades 

of    emery    paper. 

Emery 

paper 

disc 

8"  di 

meter  are  held  in 

place 

by    a 

con^ 

enient 

two-piece    clamp. 

Motor 

is  1/3  hp. 

with  t« 

o  speeds,  575  and 

1150 

.p.m. 

Shipping  we 

ght,  75  lbs. 

Hand  Grinder  No.  1410  is  a  most  conven- 
iently arranged  two  stage  grinder.  The  grind- 
ing surfaces  are  4-1/2"  x  12-1/4"  each  with 
heavy  7/16"  thick  plate  glass  back.  A  reserve 
roll  of  150  feel  of  emery  paper  is  contained 
in  drums  for  quick  renewal  of  grinding  sur- 
face. Base  has  gutter  drains  for  surplus  liquid 
in  wet  grinding  operations.  Shipping  weight, 
95  lbs. 


amorphous 
film  in  polishing. 

The  removable  splash  ring  forms  a  conven- 
ient hand  rest  that  aids  the  operator  in  pre- 
cision work.  A  handy  control  lever  on  the 
mounted  switch  gives  selective  speeds  of  575 
and  1150  r.p.m.  Shipping  weight.  100  lbs. 


Low  Speed  Polisher  No.  1505-2.  is  particu- 
larly adapted  to  final  stage  polishing  and  for 
ferrous  metal  samples.  The  8"  disc  is  at- 
tached to  a  countershaft  by  a  tapered  sleeve 
with  a  long  span  between  bearings,  a  con- 
feature  that  assures  smooth  opera- 
tion. The  selective  speeds  of  150  and  250 
r.p.m.  make  this  polisher  perfectly  adapted 
to  the  wax  lap  or  lead  lap  polishing  tech- 
nique. Shipping  weight.   105  lbs. 

Either  the  standard  or  low  speed  polishers 
can  be  furnished  in  a  single  unit  table  model 
polisher  No.  1516.  A  three  unit  table  model 
No.  1540  is  also  available  for  maximum 
convenience  in  three  stage  polishing. 
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METALLURGICAL   APPARATUS 
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Properly  baked, 
this  plastic  finish 
resists  era. 


Plastic  coating  of  metal  parts  expands  the  whole  field  of 
applications  for  both  metals  and  plastics.  By  varying 
the  chemical  composition  of  the  plastic  an  infinite 
variety  of  new  surfaces  can  be  created  for  metals. 

An  essential  element  in  the  perfect  union  of  metal  and 
plastic  is  heat — clean,  dependable,  accurately-controlled 
heat — the  kind  obtained  with  modern  Gas-fired  ovens. 

Experienced  producers  of  plastic-coated  metals,  such 
as   Heremetal  Company,   Minneapolis,   Minnesota,   use 


j»,7^iSj^ 


(A 


FOR  ALL 
INDUSTRIAL  HEATING 


GAS  for  polymerization  ovens  because  GAS  insures  the 
uniform  heat,  rapid  response  to  heat  control,  and  exact 
temperatures  so  essential  to  processing. 

Where  there's  a  difficult  industrial  heating  problem 
there's  a  job  for  GAS.  In  the  fields  of  plastics,  metal- 
lurgy, chemistry,  electronics,  the  productive  flames  of 
GAS  provide  the  most  flexible,  dependable  heat  source 
for  pioneering  or  productioneering. 

*  Photos  courtesy  of  Despatch  Oven  Co.,  Minneapolis,  Minn. 
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THE  CORROSION  OF  METALS 
ECONOMIC  PROBLEM  READY  TOR  SCIENCE 

By  Hugh  J.  McDonald 


Part  I 

The  destruction  of  metals  by  cor- 
rosion, amounting  as  it  does  to  hun- 
dreds of  millions  of  dollars  each  year, 
is  the  cause  of  one  of  the  world's 
greatest  economic  losses.  It  has  been 
described  as  a  billion  dollar  industry 
in  reverse — all  loss  and  no  profit. 
Again,  it  has  been  estimated  that  forty 
percent  of  the  entire  production  of 
iron  and  steel  since  1890  has  been  lost 
due  to  corrosion.  Let  us  consider  the 
petroleum  industry  as  a  specific  ex- 
ample, and  give  a  bird's-eye  view  of 
its  corrosion  problem.  In  the  United 
States  there  are  approximately  333,000 
miles  of  pipe-line  transporting  crude 
oil.  refined  products,  and  natural  gas, 
built  at  an  estimated  cost  of  $3,200,- 
000,000,  which  provide  this  nation 
with  an  underground  transportation 
system  that  is  a  marvel  to  the  rest  of 
the  world.  Approximately  133,000 
miles  of  this  pipe-line  system  carries 
crude  oil  and  refined  products,  and 
200,000  miles  are  used  to  transport 
natural  gas.  On  this  network  of  under- 
ground pipe  lines  serving  virtually 
ever  citv  and  industrial  center  in  the 


country,  it  is  estimated  that  there  is 
an  annual  loss  of  $50,000,000  resulting 
from  corrosion.^ 

The  corrosion  process  itself  is  quiet 
and  unspectacular  with  no  perceptible 
display  of  heat,  light  or  sound;  only 
when  the  results  become  evident  and 
someone  is  asked  to  foot  the  bill  do 
we  become  aware  of  the  heat  and 
sound  effects.  The  light  is  just  now 
beginning  to  dawn. 

Metals  have  been  prized  since  the 
dawn  of  history  for  their  luster, 
strength,  workaljility  and  general  use- 
fulness. They  are  the  cornerstones  of 
the  structure  erected  by  science  and 
industry  over  the  past  century.  Yet  the 
most  useful  metals  are  seldom,  if  ever, 
the  gift  of  Nature.  With  a  few  excep- 
tions they  are  found  in  the  earth's 
crust  in  compound  form,  often  as  the 
oxide  or  the  sulfide  of  the  metal.  They 
must  be  won  from  the  earth  and  sea 
by  the  expenditure  of  huge  quantities 
of  man-harnessed  energy.  If  the  re- 
covery process  is  reasonably  efficient, 
a  rather  large  fraction  of  this  energy 


>  J.  C.  Campbell.  "Eronomios  of  MitiKali.>ii  of  Eslernal 
Corrosion  on  Underground  Pipe  Lines,"  Corrosion.  Vol.  I, 
No.    1.    KdM.';). 


is  captured  and  held  by  the  metal. 

The  metals  then  are  storehouses  of 
energy  and,  in  creating  them,  man  has 
defied  Nature  and  her  policy  of  dis- 
sipating energy.  Nature,  as  any  cor- 
rosion engineer  will  tell  you,  has  not 
taken  the  challenge  lying  down.  The 
inevitable  result,  unless  man  exercises 
vigilance,  is  corrosion,  which  is  sim])ly 
a  manifestation  of  the  dissipation  of 
energy  stored  in  the  metal,  by  I  lie 
forces  at  Nature's  disposal.  It  appear* 
to  be  an  attempt  on  the  part  of  Nature 
to  restore  the  status  quo. 

Much  has  been  done  in  the  fight 
against  this  evil,  but  no  one  will  say 
that  a  complete  solution  of  the  prob- 
lem is  in  sight.  In  the  past,  vast  sinui 
have  been  spent  in  search  for  a  rem- 
edy, but  much  time  and  effort  have 
been  wasted  in  the  hope  of  finding  an 
empirical  cure  for  a  phenomenon 
which  was  not  sufficiently  understood. 
It  has  become  obvious  during  recent 
years  that  the  old  hit-and-miss  meth- 
ods, by  which  one  proceeds  by  trial 
and  error,  can  never  reach  the  desired 
goal  and  that  it  will  be  only  by  a  better 
understanding  of  the  chemical  and 
physical  forces  which  cause  metals  to 


The  photograph  on  the  opposite  page  shows  the  outlet  gates  and  spillway  of  the  Columbia  Basin  Project,  Grand 

Coulee  Dam;  note  the  man  on  the  wall  at  the  left;  glassy  phosphate,  a  corrosion   inhibitor,  applied   to  water 

in  the  conduit  each  time  the  valves  are  closed,  has  eliminated  scale  formation.    (Reproduced  through  courtesy  of 

the  United  States  Department  of  the  Interior,  Bureau  of  Reclamation.) 
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corrode  that  an  effective  defense  can 
be  devised. 

The  Chemical  Basis  Of 
Corrosion  Reactions 

In  any  discussion  of  corrosion  and 
its  prevention,  it  is  important  to  recog- 
nize that  l)oth  the  extent  and  the  rate 
of  attack  will  depend  upon  the  nature 
of  the  environment  as  well  as  upon 
the  nature  of  the  metal  or  alloy. 

It  is  generally  agreed  that  metals 
may  corrode  by  direct  or  indirect 
chemical  attack  or  by  an  electrochem- 
ical mechanism.  Reactions  of  oxygen, 
dry  chlorine,  hydrogen  sulfide,  and 
other  dry  gases  with  dry  metals,  and 
the  scaling  of  iron  and  steel  during 
hot  working  are  examples  of  direct 
chemical  attack.  The  attack  of  hydro- 
gen on  steel  at  high  temperatures  caus- 
ing intergranular  failure  is  an  example 
of  indii-ect  chemical  attack.  In  most 
cases,  however,  the  attack  on  metals 
and  alloys  by  water,  aqueous  solutions 
or  moist  air  proceeds  by  an  electro- 
chemical mechanism. 

When  a  metal  corrodes,  it  is  oxidized 
— that  is,  its  valence  is  increased  by  the 
loss  of  electrons,  and  some  substance 
in  the  environment  is  reduced — that 
is,  its  valence  is  decreased  by  the  gain 
of  electrons.  To  say  that  corrosion 
occurs  by  an  electrochemical  mechan- 
ism means  that  these  two  parts  of  the 
process  take  place  on  different,  al- 
though usually  not  widely  separated, 
areas.  The  area  over  which  the  metal 
is  attacked  is  called  the  anode  and 
that  at  which  some  substance  from  the 
environment  is  reduced  is  the  cathode. 
If  the  process  is  to  continue,  an  elec- 
trical current  must  flow  between  these 
areas  through  the  environment,  usual- 
ly an  aqueous  solution,  and  between 
these  same  areas  through  the  metal. 
The  combination  of  anode  areas, 
cathode  areas,  and  aqueous  solution 
constitutes  a  small  galvanic  cell  and 
the  corrosion  proceeds  with  a  flow 
of  current  analogous  to  the  way  cur- 
rent is  generatd  by  chemical  action  in 
a  primary  cell,  such  as  an  ordinary 
dry  liattery.  To  understand  how  cor- 
rosion takes  place  by  an  electrochem- 
ical mechanism  it  is  necessary  to  have 
some  knowledge  of  the  principles  and 
phenomena  related  to  galvanic  cells 
in  general. 


Reactions  that  proceed  with  the 
liberation  of  energy  are  called  spon- 
taneous reactions  because  they  can 
proceed  of  their  own  accord  without 
the  application  of  energy  from  an  out- 
side source.  Oxidation-reduction  reac- 
tions are  reactions  in  which  electrons 
are  transferred  from  the  substance 
being  oxidized  to  the  substance 
being  reduced.  Spontaneous  oxida- 
tion-reduction reactions  are  therefore 
reactions  in  which  liberation  of  energy 
accompanies  the  electron  change.  The 
displacement  of  cupric  ions  from  solu- 
tion by  metallic  zinc  is  a  reaction  of 
this  type.  The  total  reaction 

Zn  +  Cu++  -^  Zn++  +  Cu 
may  be  divided  into  two  parts. 
Zn  ^  Zn++  -f-  2e;  oxidation  of  Zn. 
Cu+  +  -|-  2e  — >  Cu;  reduction  of  Cu+  + 
If  metallic  zinc  is  dipped  into  a  solu- 
tion containing  zinc  ions,  and  metallic 
copper  into  a  solution  containing 
cupric  ions,  the  two  solutions  being 
separated  by  a  porous  diaphragm,  the 
reaction  does  not  proceed  because  the 
zinc  atoms  cannot  come  in  direct  con- 
lact  with  the  cujtric  ions. 


AAAAA/V 
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Solution 
Containing  Zn 


Solution 
Containing  Cu 


Fig.    1.    Schematic  diagram  of  a   Daniell  cell. 

At  zinc   electrode    (anode;   negative  pole  of 
cell)    Zn^Zn"   +    2e    (to  external   circuit) 


At  copper  electrode  (cathode;  positive  pole  of 
cell)  Cu**  +  2e   (from  external  circuit) —>-Cu 


If,  however,  the  metallic  zinc  and 
copper  are  connected  by  means  of  a 
conducting  wire,  the  reaction  will  pro- 
ceed, the  electrons  passing  from  the 
zinc  through  the  external  circuit  to  the 
copper  where  they  are  given  to  the 


cupric  ions.  This  flow  of  electron^ 
through  the  external  circuit  constitutc^ 
an  electrical  current  and  such  a  cur- 
rent may  be  used  to  do  electrical  work. 
This  arrangement  for  carrying  out  thi 
sj)ontaneous  displacement  of  cupri« 
ions  by  metallic  zinc  with  the  produc- 
tion of  electrical  energy  is  known  as  a 
primary  or  galvanic  cell.  It  will  be 
shown  later  that  most  corrosion  re- 
actions involve  a  miiltiude  of  small 
galvanic  cells. 

If  in  a  galvanic  cell  such  as  the  one 
just  described  the  electron  change  i^ 
allowed  to  take  place  only  slowly,  it  i- 
possible  to  obtain  practically  all  the 
energy  liberated  in  the  oxidation- 
reduction  reaction  as  electrical  energ\ 
in  the  external  circuit. 

Energy  liberated  in  reaction 
=  electrical  energy  produced 
^  volts  X  amperes  x  seconds 

The  quantity  of  electricity  (amperes 

seconds)  that  will  flow  through  the 
external  circuit  when  gram  equivalent 
weights  of  oxidizing  and  reducing  sub- 
stances react  in  a  galvanic  cell  is  fixed 
by  Faraday's  law  and  is  equal  to 
96,500  ampere-seconds  or  coulombs 
(one  faraday  of  electricity).  By  the 
gram  equivalent  weight  of  an  element 
or  substance  is  meant  the  atomic  or 
molecular  weight  divided  by  the 
valence  change.  Thus  in  the  foregoing 
example  the  valence  of  zinc  is  in- 
creased from  0  to  +2  (valence  change 
=  2);  hence  by  a  gram  equivalent  of 
zinc  is  meant  the  atomic  weight  of 
zinc  divided  by  2,  that  is,  65.38  divided 
l)y  2,  or  32.69  grams.  The  valence 
change  for  copper  in  the  reaction  also 
IS  2  and  a  gram  equivalent  weight  of 
copper  is  equal  to  63.57  divided  by  2, 
that  is  31.78  grams.  Thus  for  every 
32.69  grams  of  zinc  oxidized  and  every 
31.78  grams  of  cupric  ions  reduced  in 
the  Daniell  cell  reaction,  96.500 
coulombs  of  electricity  will  flow 
through  the  external  circuit.  Since  the 
amount  of  electricity  produced  when 
reaction  occurs  between  gram  equiva- 
lents of  reducing  and  oxidizing  sub- 
stances is  the  same  in  all  cells,  the  dif- 
ferences in  the  energies  liberated  in 
the  various  cell  reactions  manifest 
themselves  as  differences  in  cell  volt- 
ages. If  A  F  represents  the  decrease 
in  "free"  or  "potential"  energy  that 
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has  occurred  when  "n"  gram  equiva- 
lents react,  E  represents  the  cell  volt- 
age and  F  denotes  the  faraday,  the  fol- 
lowing equality  may  l)e  written  when 
the  cell  is  discharged  under  such  con- 
ditions that  all  of  the  available  energy 
in  the  chemical  reaction  is  converted 
into  electrical  energy 

A  F  =  -nEF 

Evidently,  then,  the  cell  voltage  E  is 
proportional  to  A  F  and  a  cell  in  which 
the  reaction  liberates  a  large  amount 
of  energy  per  gram  equivalent  will 
have  a  high  voltage.  When  a  cell  is  dis- 
charged under  such  conditions  (that 
is,  at  an  extremely  low  rate  of  dis- 
charge) that  all  the  free  energy  or 
potential  energy  decrease  from  the  re- 
action is  converted  into  electrical 
energy,  the  cell  is  said  to  be  reversible, 
and  E  under  these  conditions  is  called 
the  reversi])le  electromotive  force  of 
the  cell.  Thus,  we  may  consider  E  (re- 
versible) as  a  measure  of  the  driving 
force  that  makes  the  oxidation-reduc- 
tion take  place;  it  is  a  measure  of  the 
tendency  of  the  reaction  to  ])roceed 
or  of  how  complete  the  reaction  must 
be  before  a  condition  of  equilibrium  is 
attained. 

Just  as  the  total  oxidation-reduction 
reaction  mav  be  divided  into  two  half- 
reactions,  so  also  may  the  total  energy 
liberated  in  the  reaction  be  divided  be- 
tween the  half-reactions.  Consider  the 
reaction  of  zinc  with  an  aqueous  solu- 
tion containing  hydrogen  ions  at  an 
active  concentration  of  one  mole  per 
liter  (IM) 
Total  reaction 
Zn  +  2H+  (IM)  -^  Zn  +  +  (IM)  +  H, 

(g,  p  ^  1  atmos.) ;  A  Ft 
Anode  reaction 

Zn  -^  Zn  +  +   (IM)  +  2e;  A  Fa 
Cathode  reaction 

2H+   (IM)  +  2e  ^  H2  (g,p  = 
latm.);AFe 
Since  the  last  equation  added  to  the 
second  yields  the  first  equation 

A  Ft  =  A  Fa  +  A  Fe 
But  A  Ft  =  -uEtF;  A  F„  =  -nEaF; 

A  Fe  =  -nE,  F 
Hence 

Et    =    Ea    +    E, 

Et  may  be  measured  or  it  may  lie  cal- 
culated from  AFt.  It  seems  impossible 
to  obtain  an  absolute  value  of  Ea  or 
Ee,  but  accurate  relative  values  are 
obtained    by    arbitrarily    assigning    a 


value  of  zero  to  Ec  for  the  electrode 
reaction  represented  ])y  the  last  of  the 
tliree  equations  above  when  the  active 
concentration  of  hydrogen  ion  in  the 
solution  is  one  mole  per  liter  and  the 
hydrogen  gas  on  the  electrode  surface 
is  at  a  pressure  of  1  atmosphere.  This 
means  that  we  are  assigning  a  potential 
of  zero  to'  the  electrode  consisting  of 
a  platinum  strip  covered  with  plati- 
num black  whose  surface  is  kept  sat- 
urated with  hydrogen  gas  at  a  pressure 
of  1  atmosphere  immersed  in  a  solu- 
tion containing  hydrogen  ions  at  an 
active  concentration  of  one  mole  per 
liter.  This  "standard  hydrogen  elec- 
trode reaction"  may  be  combined  with 
other  electrode  reactions  to  make 
complete  galvanic  cells  whose  voltages 
(Et)  may  be  measured.  Et  then  be- 
comes Ea  for  the  other  electrode  com- 


TABLE  1 

Standard  Electrode  Potentials 

For  Some  Substances  Important 

In  Corrosion 

E°  volts 

Mg-^Mg++   +  2e 2.34 

A1-^A1+  +  +    +   3e 1.67 

Mn^Mn++  +  2e 1.05 

H,.(g)  +  20H--^2HoO  +  2e  0.828 

Zn-»Zn  +  +   +   2e 0.762 

Cr^Cr+  +  +    +   3e 0.71 

Fe^Fe  +  +   +   2e 0.440 

H2(g)^2H+  (lO-'mol/l.) 

+  2e  0.414 

Cd^Cd++  +  2e 0.402 

Co^Co++  +  2e 0.277 

Ni-»Ni++    +    2e 0.250 

Sn^Sn++    +   2e 0.136 

Pb^Pb++  +  2e 0.126 

Fe^Fe+++  +   3e 0.036 

Ho  (g)^  2H+  +  2e 0.000 

Cu^Cu++   +  2e -0.345 

40H--^Oo(g)  +  2H2O  +  4e.  -0.401 
40H-^Oo(g);  p  =  0.2  (atm.) 

+  2H26  +  4e -0.391 

Cu-»Cu+    +    le -0.522 

2Hg-^Hg2++   +  2e _ -0.7986 

Ag-^Ag+    +    le -0.7995 

Hg^Hg++  +  2e -0.854 

Pt^Pt++  +  2e -1.20 

2Cl--^Cl2(g)   +  2e -1.358 

Au-^Au+  +  +  4-  3e -1.42 


pared  to  the  standard  hydrogen  elec- 
trode. A  list  of  single  electrode  po- 
tentials or  standard  potentials  written 
E"  for  some  substances  important  in 
corrosion  are  given  in  Table  1. 

Standard  Potentials  And 
Tendency  Of  Corrosion 
Reactions  To  Proceed 

The  more  positive  (or  less  negative) 
the  standard  potential,  the  greater  the 
tendency  of  the  electrode  reaction  to 
proceed  in  the  direction  in  which  elec- 
trons are  lost.  The  combination  of  two 
of  the  single  electrode  reactions  listed 
in  the  table,  one  in  the  direction  given 
and  the  other  in  the  reverse  direction, 
will  constitute  a  complete  oxidation- 
reduction  reaction.  In  some  cases  it  is 
necessary  to  multiply  one  or  both  of 
the  electrode  reactions  l)y  a  factor  to 
make  the  electrons  lost  in  the  anode 
reaction  equal  to  the  electrons  gained 
in  the  cathode  reaction.  For  example, 
in  the  displacement  of  Ni++  ion  by 
aluminum,  the  anode  reaction  Al  — > 
A1+  +  +  -\-  Be  must  be  multiplied  by 
2,  and  the  cathode  reaction,  Ni++  -(- 
2e  — >  Ni,  must  be  multiplied  by  3.  It 
should  be  noted  that  even  though  the 
electrode  reaction  is  multiplied  by  a 
factor,  E"  for  the  electrode  reaction 
remains  unchanged,  Ijecause  E"  de- 
pends upon  the  energy  change  per 
gram  equivalent.  The  positive  sign  of 
E°  (total),  namely  (+1.67  -  0.25)  = 
1.42  volts,  for  the  reaction  means  that 
the  reaction  is  spontaneous;  i.e.  that 
the  galvanic  couple  actually  would 
supply  electrical  energy.  If  E°  for  a  cell 
is  negative  in  sign,  it  means  that  the 
proposed  reaction  is  not  spontaneous 
and  that  energy  would  have  to  be  sup- 
plied from  a  source  outside  the  system 
in  order  for  it  to  proceed. 

It  seems  logical  that  the  amount  of 
energy  liberated  in  a  chemical  reaction 
should  depend  upon  the  concentra- 
tions of  the  i-eactants  and  upon  the 
concentrations  at  which  the  products 
are  being  formed.  This  must  be  true 
because  the  potential  or  free  energy 
of  any  substance  in  solution  is  in- 
creased as  its  concentration  is  in- 
creased, and  the  amount  of  energy 
]il)erated  in  a  reaction  increases  as 
the  concentrations  of  reactants  in- 
See  CORROSION  on  Page  29 
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THE  ENGINEERING  MIND 


of 


ABRAHAM    LINCOLN 


By    EARL    C.    KUBICEK 


William  H.  Herndoii,  Lincoln's  last 
law  partner,  in  a  lecture  entitled,  "An- 
alysis of  Character  of  Abraham  Lin- 
coln," delivered  in  Springfield,  Illinois, 
on  December  12, 1865,  said  of  Lincoln's 
mind:  "his  mind  ran  ])ack  all  facts, 
things  and  principles  to  their  origin, 
history  and  first  cause,  and  further 
sometimes,  namely  to  that  point  where 
forces  act  at  once  as  effect  and  cause. 
He  would  stop  in  the  street  and  an- 
alyze a  machine  or  other  thing,  me- 
chanical or  other  power  as  exhil)ited 
in  a  wagon,  a  threshing  machine,  or  a 
lightning  flash  .  .  .  Clocks  and  words, 
omnibuses  and  language,  paddle 
wheels  and  idioms  never  escaped  his 
observation."  He  further  states,  ''.  .  . 
in  time  his  great  logic  and  power  of 
reason  on  cause  and  effect,  in  creation 
and  relation,  in  substance  and  in  truth, 
would  form  a  proposition,  an  opinion 
wisely  and  well,  that  no  human  being 
could  well  deny,  or  ever  overthrow." 

Lincoln,  himself,  stated  his  case; 
"I  remember  how,  when  a  mere  child. 
I  used  to  get  irritated  when  anybody 
talked  to  nie  in  a  way  I  could  not  un- 
derstand. I  don't  think  I  ever  got  angrv 
at  anything  else  in  my  life.  But  that 
always  disturbed  my  temper,  and  has. 
ever  since."  It  is  this  characteristic  of 
his  mind,  his  direct  simpleness  of  rea- 
soning, his  grasp  of  the  main  prin- 
ciples of  the  problem  under  considera- 
tion, that  lead  us  to  refer  to  him  in 
relation  to  the  engineering  field.  That 
Lincoln  had  enough  of  the  mechanical 


genius  in  him  to  make  him  a  good 
mechanic,  there  is  no  doubt.  He  was  a 
builder,  first  in  assisting  to  construct 
the  log  cabins  in  which  he  lived,  then 
the  flat-boats  which  he  operated.  Even 
after  his  entry  into  public  and  profes- 
sional life  these  mechanical  dreams 
never  wholly  left  him.  It  is  this  story 
of  the  creative  impulse  in  him,  his 
deep-seated  interest  in  things  mechan- 
ical with  which  he  came  in  contact 
throughout  a  broad  law  career  and 
later  as  President  of  the  L^nited  States, 
wc  can  now  consider. 

Lincoln  sometimes  helped  his  father 
in  the  latter's  carpentering,  though  he 
never  professed  any  great  love  for  the 
draw-knife  and  hammer.  Lincoln  and 
his  father  built  a  wagon  for  James  Gen- 
try, constructing  it,  "entirely  of  wood 
even  to  the  hickory  rim  on  the  wheels." 
Since  he  had  the  instruction  of  his  fa- 
ther, an  experienced  carj)enter,  we  can 
well  accept  the  statements  of  early 
pioneers  concerning  Lincoln's  con- 
struction of  a  scow,  which  he  operated 
near  the  mouth  of  Anderson's  Creek, 
in  Indiana,  taking  passengers  from  the 
shore  to  the  steamers  passing  in  the 
mid-channel  of  the  Ohio.  Thus  ])egins 
the  career  of  Lincoln,  as  in  a  rude 
sense,  a  navigator,  a  flatboatman. 

The  Ohio  River,  that  great  artery 
of  traffic,  was  a  passing  pageantry  of 
American  life  of  the  day.  It  introduced 
Lincoln  to  the  life  of  a  riverman  and 
also  introduced  him  to  the  world  be- 


yond, impressions  of  which  were  readi- 
ly grasped  by  his  mind  and  filed  for 
future  reference.  Through  his  station 
passed  the  lawyers  coming  from  the 
East  to  the  wilderness,  the  frontier, 
and  bringing  with  them  the  learning 
of  books,  the  creed  of  law  and  order; 
hunters,  the  men  of  the  forest,  with 
their  tales  of  days  in  the  not  too  distant 
past  when  wild  life  roamed  the  forests 
in  undreamed  of  numbers:  the  circuit 
riders,  with  stories  of  the  great  of  their 
profession,  Peter  Cartwright  and  Sam- 
uel Scott  and  others. 

These  adventurers  in  understanding 
undoubtedly  whetted  the  imagination 
of  young  Lincoln  for  more  learning. 
Miss  Kate  Rojjy,  who  knew  him  in  the 
Indiana  days,  tells  of  sitting  on  the 
river  bank  with  Lincoln.  He  sur- 
prised her  with  his  knowledge  of 
planetary  motion.  She  says,  "He  was 
well  acquainted  with  the  general  laws  , 
of  astronomy  and  the  movements  of 
the  heavenly  bodies,  but  where  he 
learned  so  much,  or  how  to  put  it  so 
plainly,  I  never  could  iinderstand." 

A  clue  to  Lincoln's  learning  might 
lie  in  his  close  association  with  those 
who  had  gone  further  than  he  in  edu- 
cation and  in  his  special  ability  to 
assimilate  knowledge  through  such  as- 
sociation. The  Grigsljy  family — Aaron 
Grigsby  married  Lincoln's  sister  Sarah 
— all  attended  schools  outside  of  the 
state  we  are  told.  Aaron  Grigsby 
studied  law,  attending  school  two  and 
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one-half  year*,  possibly  at  Hampden- 
Sidney,  Vir<;iiiia.  as  this  was  the  ances- 
tral home  of  the  Grigshys.  Reuben 
Grifjsby  studied  surveying.  It  is  be- 
lieved that  Lincoln  borrowed  Reuben's 
books  along  with  others.  James  Blair's 
granddaughter  is  our  authority  for 
stating  tliat  Lincoln  was  coached  in  the 
study  of  surveying  by  Blair,  who  had 
been  educated  in  the  East  jJrior  to  his 
arrival  in  Indiana. 

Lincoln's  skill  as  a  flat])oatman  was 
becoming  well  known  and  came  to  the 
attention  of  one  Denton  Offutt,  an 
early  promoter  of  no  mean  accom- 
plishments in  the  Colonel  Seller's  type 
of  salcsnianshi]>.  He  hired  Lincoln, 
John  Hanks,  and  John  D.  Johnston, 
Lincoln's  stei)-brother.  proposing  that 
they  take  a  flatboat,  laden  with 
provisions,  from  a  place  of  some  five 
hundred  persons  called  Springfield. 
Illinois,  to  New  Orleans.  When  his 
navigators  arrived  at  the  place  of  as- 
semlily  Offutt  did  not  have  the  prom- 
ised boat  l)Ut  offered  them  extra  pay 
if  they  would  construct  a  craft  for 
him.  This  they  proceeded  to  do. 

In  Lincoln's  words,  '"We  found 
Offutt  at  Si)ringfield.  but  learned  that 
he  had  failed  in  getting  a  boat  at 
Beardstown.  This  led  us  to  hiring  our- 
selves to  him  for  twelve  dollars  per 
month  each,  and  getting  timber  out  of 
the  trees  and  building  a  boat  at  Old 
Sangamon  town  on  the  Sangamon  Riv- 
er, seven  miles  northwest  of  Spring- 
field, which  boat  we  took  to  New  Or- 
leans, substantially  upon  the  old  con- 
tract." 

However  an  incident  took  place,  one 
of  several,  that  seemed  destined  to  be 
a  determining  factor  in  shaping  the 
course  of  Lincoln's  life.  Uneventful 
passage  was  made  down  the  river  imtil 
the  New  Salem  dam  was  reached.  John 
Hanks  says,  "We  landed  at  New  Salem 
mill  about  April  19th,  and  got  fast  on 
Rutledge's  mill  dam." 

Here  the  craft  seemed  destined  to 
end  the  journey  which  had  begun  so 
favorably.  The  boat  was  stuck  fast  on 
the  mill  dam  with  one  end  dip]>ing 
into  the  water  and  the  other  jutting 
high  into  the  air.  Lincoln's  inventive 
genius  came  to  aid.  They  unloaded 
some  of  the  provisions  and  Lincoln 
went    into    the    village,    borrowed    an 


auger,  bored  a  hole  aiiove  the  outside 
water-line  to  allow  the  water  which 
had  been  shipped  aboard  to  run  out, 
and  the  craft  was  able  to  pass  over 
the  dam.  They  capped  the  hole, 
reloaded  their  provisions  and,  to  the 
cheers  of  the  assemljled  villagers  who 
had  gathered  to  watch  operations  and 
remark,  "that  voung  feller  was  a  cau- 
tion to  think  of  such  a  procedure,  con- 
tinued their  journey  toward  New  Or- 
leans. 

The  impressions  of  this  little  hamlet 
on  a  hill,  gained  by  Lincoln  during  this 
short  visit,  were  evidently  very  favor- 
able ones  for.  in  the  sinnmer  of  1831. 
following  his  return  from  the  New  Or- 
leans expedition,  he  returned  to  New 
Salem  to  make  it  his  home.  His  jobs 
here  were  many  and  varied.  The  faith 
of  Offutt  in  Lincoln  was  secure  and  he 
remarked  to  others  that  he'd  soon  have 
a  steamboat  running  uj)  and  down  the 
Sangamon  and  with  Lincoln  as  her 
captain,  "By  thunder,  she'd  have  to 
go."  Lincoln  found  a  short  term  em- 
ployment with  a  Dr.  Nelson  of  the  vil- 
lage who  was  removing,  with  his  fam- 
ily and  goods,  to  Texas.  Lincoln  was 
hired  by  Dr.  Nelson  to  i)ilot  a  vessel 
loaded  with  the  household  goods 
through  to  the  Illinois  River.  Upon  the 
arrival  at  Beardstown.  the  pilot  was 
dismissed,  after  having  safelv  brought 
the  family  through  this  portion  of  the 
journey,  and  returned.  ])y  foot,  across 
the  sandhills  to  New  Salem. 

Politics,  as  jtracticed  in  those  days, 
was  both  a  means  of  livelihood  for 
those  engaged  in  it  and  a  source  of  en- 
tertainment for  an  amusement-starved 
people  and  Lincoln,  who  was  always 
easily  met  and  who  bad  worked  up  a 
large  acquintanceship  in  the  New 
Salem  vicinity  on  March  9th,  1832,  an- 
nounced his  candidacy  for  the  legis- 
lature of  the  State  of  Illinois.  In  view  of 
the  deep-seated  interest  of  the  com- 
munity in  the  navigaltility  of  the  local 
rivers  and  because  of  his  intimate 
knowledge  gained  through  piloting  va- 
rious craft  on  these  waters,  he  stated 
in  his  opening  speech  in  an  appeal  to 
the  voters,  "From  my  peculiar  circum- 
stances, it  is  probable  that  for  the  last 
twelve  months  I  have  given  as  particu- 
lar attention  to  the  stages  of  the  water 
in  this  river  as  any  other  person  in  the 
country.  In  the  month  of  March,  1831, 


in  company  with  others.  I  conceived 
the  building  of  a  flatboat  on  the  Sanga- 
mon, and  finished  and  took  her  out  in 
the  course  of  the  stream.  Since  that 
time,  I  have  been  concerned  in  the 
mill  at  New  Salem.  These  circum- 
stances are  sufficient  evidence  that  I 
have  not  been  inattentive  to  the  stages 
of  the  water." 

In  a  nice  admixture  of  political 
acumen  and  engineering  experience, 
he  expressed  the  idea  that  a  railroad, 
connecting  Sangamon  County  with 
other  parts  of  Illinois  was,  ".  .  .  indeed 
a  very  desirable  object,"  but  the  cost 
. . .  ?  He  discussed  the  geography  of  the 
river,  and  possiliilities  for  improve- 
ments in  its  channel,  and  pledged  him- 
self, if  elected,  to  support  all  improve- 
ments jjossible  in  measures  brought 
before  the  legislature.  This  initial  ven- 
ture in  soliciting  j)ublic  favor  was  not 
too  successful  but  he  was  soon  engaged 
in  other  ventures  that  took  his  mind 
off  defeat.  In  the  winter  of  1832,  a 
steamer.  The  Talisman,  was  advertised 
to  leave  Cincinnati  and,  by  sailing  the 
four  rivers  necessary,  eventually  reach 
New  Salem  bringing  to  the  people  of 
that  community  "goods  directly  from 
the  East." 

Men  of  the  community,  among  them 
Lincoln,  met  the  boat  part  wav  and 
helped  to  clear  brush  from  along  the 
river  banks  to  allow  easv  passage.  Fol- 
lowing an  extended  stay  at  Springfield, 
receding  waters  in  the  river  warned  the 
officers  of  the  steamer  that  the  return 
journey  should  begin  soon  if  it  were 
to  he  accomplished  at  all.  Lincoln  was 
engaged  as  pilot  for  the  craft  and  the 
return  journey  was  imdertaken,  but 
again  the  New  Salem  mill  dam  inter- 
vened. A  local  poet  described  the  hap- 
pening: 

And  when  we  came  to  Salem  dam, 

V\y  against  it  we  went  jam; 

We  tried  to  cross  with  all  our  might. 

But  found  we  couldn't,  and  staved 
all  night." 

This  time  Lincoln  took  no  part  in 
the  negotiations  that  followed  between 
the  steamer's  officers  and  Rutledge  and 
Cameron,  owners  of  the  dam.  Even- 
tually part  of  the  dam  was  taken  down, 
the  boat  passed  through  and  the  inci- 
dent was  forgotten  except  in  the  folk- 
lore of  the  community. 

John   Calhoiui.   of  Springfield,  was 
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WAGON  MODEL 


Exact  replica  of  the  wagon  model,  made  by  Abraham  Lincoln  about   1  840,    now   displayed 

Washington,  D.  C. 


the   Lincoln   Museum,   formerly   Ford  Theatre, 


This  replica  is  the  property  of  Carl  W.  Schaefer,  of  Cleveland,  Ohio.  Mr.  Schaefer,  a  close  personal  friend  of  the  late  Col.  Osborn  H. 
Oldroyd,  Lincoln  collector  and  Custodian  of  the  Peterson  House,  Washington,  D,  C,  found  the  model,  owned  by  Col.  Oldroyd,  of  such 
interest  that  he  had  this  model  made  from  the  original. 

Of  the  original  model,  Mr.  Schaefer  comments,  "On  the  model  made  by  Abraham  Lincoln,  which  is  in  the  Lincoln  Museum  in  the  Ford 
Theater,  Washington,  one  of  the  steering  arms  was  broken,  and  this  condition  existed  as  long  as  I  have  known  of  the  existence  of  that 
model.  It  was  broken  at  the  time  that  Osborn  H.  Oldroyd  recovered  it  from  the  Patent  Office.  Some  years  ago,  when  the  Patent  Office 
became  too  crowded,  many  thousands  of  models  of  different  sorts  were  gotten  rid  of,  but  Colonel  Oldroyd  fortunately  obtained  the  original 
at   that   time." 

Col.  Oldroyd  and  Mr.  Schaefer  made  a  patient  search  of  the  patent  applications  as  on  file  but  were  unable  to  find  if  an  application  were 
ever  filed  by  Lincoln,  with  the  Patent  Office,  for  his  wagon  model.  The  model  is  of  much  interest  inasmuch  as  it  is  a  forerunner  of  the 
modern   automobile   construction   embodying   a    method   of   turning    the   front  wheels   as  an   independent  system. 

This  particular  Lincoln  item,  along  with  the  many  others  of  the  Oldroyd  Collection,  became  the  property  of  the  Federal  Government 
through   purchase    in    1925. 


At  right,   H.  T.  Heald,   President  Illinois   Institute  of  Technology;  center,   the  author 
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the  surveyor  of  Sangamon  County.  The 
constant  influx  of  immigrants  into  Illi- 
nois made  Calhoun's  office  a  very  busy 
one  and  he  declared  himself  in  need  of 
another  deputy  surveyor.  A  mutual 
friend  of  Calhoun  and  Lincoln  Jirought 
them  together  and.  while  Calhoun  was 
a  Democrat  and  Lincoln  was  a  ^'hig, 
and  further,  Lincoln  was  not  too  well 
versed  in  surveying,  Calhoun  ap- 
pointed him  deputy  surveyor  respon- 
sible for  all  surveys  in  the  immediate 
vicinity  of  New  Salem  provided  he  ap- 
ply himself  to  the  study  of  surveying 
and  prove  himself  capaljle. 

Lincoln  laconically  states  his  version 
of  the  storv ;  '"The  surveyor  of  Sanga- 
mon County  offered  to  depute  to  AJjra- 
ham  that  portion  of  his  work  which 
was  within  his  part  of  the  county.  He 
accepted,  procured  a  compass  and  a 
chain,  studied  Flint  and  Gibson  a  little. 
and  went  at  it." 

This  "studied  Flint  and  Gibson  a 
little,"  was  no  little  mean  chore  for  in 
Gibson's  Surveying  there  are  chapters 
on  Decimal  Fractions,  Involution  and 
Evolution,  Geometry,  Trigonometry. 
Mensuration  of  Areas,  Levelling,  In- 
struments, and  so  on.  followed  l)y  the 
Tables.  Mentor  Graham,  the  village 
schoolmaster,  says  in  a  statement: 
"Lincoln  came  to  live  with  me  and  con- 
tinued with  me  for  about  six  months." 
This  was  in  February.  1833.  Mr.  Gra- 
ham claims  to  have  taught  Lincoln, 
among  other  things,  the  rules  of  sur- 
veying. Graham's  daughter  afterward 
said  that  her  father  and  Lincoln  often 
sat  up  in  the  cabin  until  midnight,  so 
engrossed  in  their  calculations  that 
they  were  only  aroused  when  driven 
forth,  by  her  mother,  after  fresh  fire- 
wood to  replenish  the  dying  fire  that 
had  wholly  escaped  the  attention  of 
the  interested  scholars. 

Considering  past  contacts  with 
education  by  Lincoln,  though  these 
were  of  a  most  informal  nature,  and 
the  statements  of  those  contemporaries 
in  New  Salem,  who  are  our  authority 
for  the  statement  that  Lincoln  read 
history,  astronomy.  pliilosoj)hy,  chem- 
istry and — above  all,  the  newspapers, 
during  the  time  that  they  knew  him  in 
New  Salem,  we  can  well  believe  that 
his  mind  was  prepared  to  assimilate 
the  principles  of  surveying  in  an  in- 
tensive course  and  to  apply  them  so 


well  to  his  work  that  no  survey  made 
bv  him  was  ever  subject  to  questioning. 
When  Calhoun's  office  as  surveyor  ex- 
pired in  1835,  his  successor,  Thomas 
N.  Neale,  at  once  reappointed  Lincoln 
as  his  deputy. 

In  the  Sangamon  Journal  of  Septem- 
ber 12, 1835,  Thomas  Neale  advises  his 
customers  that ;  "I  have  appointed 
John  B.  Watson,  Abraham  Lincoln, 
and  John  Calhoun,  Deputy  Surveyors 
for  Sangamon  County.''  He  gives  an 
interesting  sidelight  on  the  customs  of 
the  time  in  his  remarks;  "'In  my  ab- 
sence, persons  wishing  their  land  sur- 
veyed, will  .  .  .  call  at  the  Recorder's 
Office  and  enter  his  or  their  names  in 
a  book  left  for  that  purpose."  He  con- 
cluded his  advertisement  with  the  as- 
surance, ".  .  .  and  their  business  shall 
be  promptly  attended  to.'' 

Of  record  are  Lincoln's  surveys  of 
the  towns  of  Petersburg,  Bath,  New 
Boston.  Albany,  and  Huron.  The  early 
surveying  records  are  scattered.  How- 
ever, it  is  known  that  three  roads,  three 
school  sections,  and  many  pieces  of 
farm  lands  of  various  sizes  are  Lin- 
coln's work. 

R.  B.  Rutledge,  a  New  Salem  neigb- 
l)or  of  Lincoln,  gives  us  a  word  picture 
of  him  at  this  time  and  describes  his 
usual  attire:  "When  Lincoln  was  en- 
gaged in  surveying  be  wore  jeans,  pan- 
taloons, 'foxed'  or  covered  on  the  fore- 
part and  below  the  knees  behin<l  with 
buckskin.  This  added  to  the  warmth. 
])rotected  against  the  rain  and  ren- 
dered them  more  durable  in  perform- 
ing the  labor  necessarv  to  his  calling." 

In  jNovember,  1834,  it  seemed  that 
Lincoln's  days  as  a  survevor  were  to 
end  suddenly  through  loss  of  the  tools 
of  his  profession.  Debts  were  the  only 
legacy  accruing  to  Lincoln  as  a  result 
of  his  davs  as  a  storekeeper  in  New 
Salem  and  some  claims  of  those  hold- 
ing the  notes  of  the  Lincoln  &  Berry 
partnership  resulted  in  a  judgment 
against  Lincoln.  The  sheriff  attached 
his  horse,  saddle,  bridle,  and  surveving 
instruments  when  he  was  unable  to 
satisfy  the  judgment.  When  the  arti- 
cles were  sold  on  execution,  ''Lfncle 
Jimmy"  Short,  of  Sand  Ridge,  one  of 
Lincoln's  New  Salem  neighbors  and 
friends,  bid  in,  secured  the  property, 
and  returned  it  to  Lincoln.  A  story  in 
friendship    is   this   little   picture,   for 


manv  vears  later  when  Lincoln  was 
President  of  the  United  States  and 
"LTncle  Jimmy''  had  removed  to  Cali- 
fornia and  was  destitute.  Lincoln  heard, 
of  his  condition  and  without  anv  solici- 
tation on  the  part  of  Short,  returned 
the  favor  of  long  ago  and  appointed 
Short  as  an  Indian  Agent. 

A  matter  of  record  is  Lincoln's  state- 
ment :  "'I  hereby  certify  that  the  town 
of  Petersljurg  has  been  surveyed  ac- 
cording to  law,  and  that  this  is  a  correct 
plat  of  the  same.  (Signed)  A.  Lincoln.'' 
John  Bennett,  who  was  the  local  hotel 
keeper  in  Petersburg  during  later 
years,  recalled  that  Lincoln  spent  most 
of  the  month  of  March.  1836.  finishing 
up  the  survey  and  the  planning  of  the 
town  that  he  had  commenced  the  year 
before. 

Lincoln's  last  recorded  survey  was  of 
the  town  of  Bath  in  November,  1836. 
for  John  Kerton,  the  proprietor.  Lin- 
coln, in  a  speech  given  at  Bath  on  Au- 
gust 16th.  1858.  reminded  his  audience 
that  twenty-two  years  before  he,  with 
his  own  hands,  staked  out  the  town  of 
Bath  from  a  then  wooded  wilderness. 

Lincoln's  interest  in  things  mechan- 
ical grew  streadilv.  even  while  he  was 
in  Washington.  D.  C.  as  Congressman. 
We  find  reference,  on  January  21st, 
1848,  with  the  House  acting  as  a-Com- 
niittee  as  a  W  hole  on  the  private  calen- 
dar, that  the  Congressman  from  Illi- 
nois. Abraham  Lincoln,  presented  the 
petition  of  one  L  riah  Brown,  ''praying 
for  further  testing  of  his  discovery  of 
'Liquid  Fire',  to  be  used  in  national 
defenses."  The  petition  was  referred  to 
the  Committee  on  Naval  Affairs. 

The  return  of  the  family  from  Wash- 
ington was  a  leisurely  one  through 
New  England,  Canada,  Niagara  Falls, 
where  Lincoln  speculated  on  the  possi- 
bilities of  commercial  use  of  the  power 
of  the  Falls,  westward  through  De- 
troit, and  by  boat  to  Chicago.  It  was 
on  the  portion  of  the  homeward  pas- 
sage by  boat  that  an  incident  occurred 
that  set  Lincoln's  inventive  mind  to 
working  on  the  creation  of  a  device  to 
be  used  in  connection  with  river  pas- 
sage. 

The  boat  on  which  the  Lincolns  were 
passengers  was  stranded  on  a  sand  bar. 
The  captain,  ordering  the  use  of 
planks,  boxes,  barrels,  etc.,  forced  un- 
der the  boat,  succeeded  in  freeing  the 
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ciait.  We  are  told  of  Lincoln's  deep 
interest  in  the  proceedings  and  that  he 
made  several  suggestions  to  the  officers 
directing  operations  which  were  ac- 
cepted bv  them.  Mr.  Lincoln,  immedi- 
ately upon  his  return  to  Springfield 
from  this  trip  made  contact  with  one 
Walter  Davis,  a  mechanic  whose  shop 
was  located  near])y.  and  arranged  with 
him  for  the  use  of  his  tools  and  shop 
and  assistance  in  making  a  model  of 
a  vessel  incorporating  Lincoln's  idea 
conceived  as  a  result  of  the  operations 
he  witnessed  earlier. 

Lincoln's  patent  api>lication  accom- 
panying his  model  read,  in  part,  "What 
I  claim  as  my  invention,  and  desire  to 
secure  by  letters  patent,  is  a  comliina- 
tion  of  expansible  buoyant  chambers 
placed  at  the  sides  of  a  vessel  with  the 
main  shaft  or  shafts  by  means  of  slid- 
ing spars,  which  pass  down  through 
the  buoyant  chambers  and  are  made 
fast  to  their  bottoms  and  the  series  of 
ropes  and  pulleys  or  their  equivalents 
in  such  an  manner  that  by  turning  the 
main  shaft  or  shafts  in  one  direction 
the  buoyant  chambers  will  be  forced 
downwards  into  the  water,  and  at  the 
same  time  expanded  and  filled  with  air 
for  buoying  up  the  vessel  liy  the  dis- 
placement of  water,  and  by  turning  the 
shafts  in  opposite  directions  the  buoy- 
ant chambers  will  he  contracted  into 
a  small  space  and  secured  against  in- 
jury." 

The  patent  application  was  made  on 
March  10th,  1849  and  Lincoln  was 
granted  bis  patent  rights  on  May  22nd, 
1849.  Hcrndon  tells  of  his  great  inter- 
est in  what  he  believed  to  be  the  almost 
unlimited  possibilities  of  his  invention 
and  of  his  working  on  his  idea  in  their 
office  and  explaining  to  him,  Herndon. 
the  principles  of  the  whole  idea.  Hern- 
don, however,  did  not  take  too  much 
stock  in  his  partner's  idea  and  wrote; 
"This  invention  was  a  perfect  failure; 
the  apparatus  has  never  been  put  on 
any  boat  so  far  as  known."  He  hedged 
on  his  statements  however  and  quali- 
fied his  remarks  by  saying:  "Although 
I  regarded  the  thing  as  impracticable 
I  said  nothing,  probably  out  of  respect 
for  Lincoln's  well-known  reputation  as 
a  boatman."  The  Lincoln  model  is  now 
on  exhibition  in  the  Smithsonian  In- 
stitution in  Washington,  D.  C. 

Patent  cases,  with  their  nice  prob- 
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lems  in  mechanics  and  engineering, 
had  a  peculiar  fascination  for  Lincoln. 
His  reasoning,  his  power  of  analysis 
and  a  comprehensive  grasp  of  the  sul)- 
ject  as  a  whole  made  him  a  force  to  be 
reckoned  with  in  court. 

A  case  in  point  is  that  of  the  suit. 
Parker  v.  Hoyt.  an  action  for  the  in- 
fringement of  a  patent  water  wheel, 
which  came  to  trial  in  Chicago  during 
June.  1848.  Lincoln  was  one  of  the 
counsel  for  the  defendant.  The  defend- 
ant placed  his  reliance  on  an  older 
patent  to  establish  the  want  of  novelty 
in  the  invention  of  the  plaintiff.  Lin- 
coln took  a  deep  personal  interest  in 


the  case,  using  his  earlier  experiences 
in  tending  a  saw-mill  to  present  an 
argument  to  the  jury  explaining  the 
action  of  water  on  the  wheel  in  so  clear 
and  intelligible  a  fashion  that  the  jury 
was  aljle  to  comprehend  all  the  j)oints 
and  line  of  defense  of  his  side  of  the 
case.  The  court,  in  its  charge  to  the 
jih-y,  liad  told  them  in  effect  that  the 
prior  patent,  on  which  the  defendant 
was  placing  his  reliance,  was,  in  effect, 
no  defense  at  all.  ])ut  in  spite  of  this  the 
jury  returned  with  a  verdict  for  Lin- 
coln's client.  According  to  those  who 

See  LI!\COL!\  on  Page  38 
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A  history  of  Lewis  Institute  in  3000 
words,  Mr.  Editor?  It  can't  be  done  by 
me,  but  ril  try  to  write  out  some  of  the 
material  that  has  interested  me.  Some 
of  this  information  I  have  giained  from 
old  files;  some  l)its  I  have  heard  in  the 
households  of  our  former  trustees;  of 
some  of  the  incidents  I  can  say  "I  was 
there";  but  the  greater  part  of  my  in- 
formation came  from  George  Nolile 
Carman,  who  was  Director  of  the  Insti- 
tute for  forty  years,  and  with  whom  I 
was  privileged  to  work  for  eighteen 
years. 

Lewis  Institute  came  into  existence 
through  the  will  of  a  citizen  of  Chi- 
cago, Allen  Cleveland  Lewis,  who  left 
his  estate  in  trust  for  that  purpose.  One 
of  four  brothers,  he  was  the  son  of 
Jared  Lewis  of  an  old  Connecticut  fam- 
ily, and  Allen  was  born  in  Sterling, 
Conn,  in  1821  and  died  in  Chicago  in 
1877.  Both  he  and  his  brother,  John,  are 
buried  in  a  vault  near  the  old  entrance 
to  Rose  Hill  cemetery  in  Chicago. 
When  a  young  man  he  resided  in 
Elgin,  Illinois,  where  he  engaged  in  the 
drug  business.  He  married  and  had  one 
son  who  died  at  the  age  of  twenty 
months.  His  wife  did  not  long  survive, 
and  Mr.  Lewis  moved  to  Chicago  and 
lived  for  many  years  wtib  the  family  of 
a  Dr.  McClure  in  a  house  which  still 
stands  at  the  nortliwest  corner  of  War- 
ren and  Damon  avenues,  one  short 
block  from  the  spot  that  was  finallv 
chosen  as  the  site  for  Lewis  Institute. 

In  1874,  three  years  before  his  death, 
his  older  brother,  John,  died  and  left 
Mr.  Lewis  an  estate  of  some  $350,000. 
the  larger  part  of  which,  I  understand, 
was  invested  in  railroad  bonds.  Little 
is  known  of  how  Allen  C.  acquired  the 
added  share  of  the  $550,000  estate  he 
left,  but  the  records  show  that,  for  the 


most  part,  he  continued  to  invest  in  the 
same  type  of  security  as  did  John.  He 
also  acquired  several  large  pieces  of 
property  which  evidently  were  un- 
loaded on  him  by  another  brother. 
Henry.  This  real  estate  was  of  dubious 
value  at  the  time  of  his  death,  but  fifty 
years  later  some  pieces  brought  "tidy 
sums". 

In  the  introduction  to  our  Lewis  bul- 
letin there  was  a  statement  to  the  effect 
that  "There  is  a  trustworthy  tradition 
that  the  eldest  brother,  John,  willed 
the  better  part  of  his  estate  to  Allen  for 
the  benefit  of  the  educational  enter- 
prise". Some  of  our  people  were  in- 
clined to  doubt  this  altruistic  motive, 
since  John's  will  had  been  made  in 
1856  and  had  never  been  changed,  but 
I  have  talked  several  times  with  one  of 
the  McClure  family  with  whom  Mr. 
Lewis  lived,  and  this  Miss  McClure  be- 
lieved that  the  brothers  had  made 
plans  for  founding  some  type  of  an  in- 
stitution of  learning.  She  further  re- 
membered her  father  and  Mr.  Lewis 
spending  manv  an  evening  around  the 
library  fire,  discussing  what  such  an  in- 
stitution should  embrace.  We  know 
that  he  was  greatly  interested  in  boys 
who  had  to  leave  school  for  work  at  an 
early  age,  and  he  made  several  trips  to 
Europe  to  become  better  acquainted 
with  what  he  saw  there  in  the  making 
of  adequate  preparations  for  a  voca- 
tion. Perhaps  all  the  years  spent  in 
planning  lielj)ed  to  create  the  wisdom 
and  caution  shown  in  the  Lewis  will. 

It  seems  most  unfortunate  that,  in 
those  early  years,  no  one  connected 
with  the  administration  of  this  estate 
thought  to  put  in  writing  what  he  knew 
of  the  Lewis  family  or  of  Allen  C. 
Lewis,  but  it  must  be  remembered  that 
at  that  time  citizens  of  Chicago  were 


still  struggling  to  recover  from  the  ef- 
fects of  the  Chicago  fire,  and  the  first 
group  of  trustees  of  the  Institute  were 
probably  more  interested  in  helping  to 
create  a  city  out  of  a  frontier  town  than 
they  were  in  writing  down  anecdotes 
of  a  departed  friend.  So  while  we 
may  let  our  imagination  run  riot,  as 
we  study  the  will,  the  results  are  still 
imagination.  We  really  know  nothing 
about  the  habits,  character,  or  person- 
ality traits  of  Allen  C.  Lewis. 

The  Lewis  will  was  probated  in  1877 
and,  following  an  order  in  it  to  the 
effect  that  the  estate  must  increase  to 
at  least  $800,000  before  a  school  was 
opened,  eighteen  years  passed  before 
the  trustees  decided  "that  the  time  had 
come  to  ask  for  a  charter  for  the  Insti- 
tute". This  is  the  phrase  always  put  in 
print  concerning  this  event.  Perhaps. 
as  the  boys  say,  you  would  like  to  have 
the  "low-down"  on  this  situation  as 
Judge  Kohlsaat,  one  of  our  later  trus- 
tees, told  it.  It  seems  to  be  the  inalien- 
able right  of  citizens  of  our  great  re- 
public to  ask,  concerning  public  be- 
quests—  What  has  become  of  the 
money?  Even  today  Chicagoans  are 
writing  to  the  Voice  of  the  People  ask- 
ing for  an  accounting  of  tlie  money  left 
by  Miss  Buckingham  to  maintain  the 
beautiful  fountain  on  the  Lake  Front. 
Another  gi'oup  is  questioning  the  han- 
dling of  the  Ferguson  bequest  by  the 
Ai-t  Institute — a  fund  left  to  beautify 
the  parks  and  drives  of  Chicago.  And 
so  it  was  that  someone  wrote  to  what- 
ever was  the  Voice  of  the  People  in 
1894  and  asked  what  had  become  of 
the  Lewis  estate?  And  so,  in  1895,  the 
"trustees  decided  the  time  had  come" 
to  open  Lewis  Institute. 

Now  during  this  period  from  1877 
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to  1895  the  Trustees — James  M.  Adsit, 
Henry  F.  Lewis,  and  Hugh  A.  White — 
had  been  taking  care  of  the  estate  with- 
out any  profit  or  even  glory  to  them- 
selves, but  they  realized  that  they  were 
handling  a  public  trust  and  did  well  I)y 
the  estate.  In  those  years  it  had  in- 
creased from  $550,000  to  $1,600,000, 
which  amount,  judged  by  the  dollar 
value  of  that  day,  was  a  good  round 
sum.  A  slightly  pathetic  statement  is- 
sued by  them,  perhaps  in  reply  to  John 
Q.  Public,  says  "A  fact  we  would  like 
to  have  the  public  bear  in  mind  is,  that 
although  we  are  stockholders  in  other 
banks,  we  have  deposited  where  we 
have  no  interest  whatever,  and  where 
we  do  not  get  one  cent  on  account  of 
deposits.  We  draw  no  salary  and  the 
only  cost,  including  clerk's  hire,  etc.. 
averages  less  than  $1,000  per  year.'" 
The  record  of  these  first  trustees  is  cer- 
tainly admirable. 

Just  a  word  as  to  the  choice  of  the 
site  for  the  new  school.  The  will  men- 
tions property  owned  by  the  testator 
as  a  likely  spot.  This  land  was  on  what 
is  now  Wells  street  near  Washington. 
The  will  also  provided  that  if  at  the 
time  the  Institute  opened  this  property 
did  not  seem  desirable,  another  loca- 
tion might  be  chosen. The  expansion  of 
the  city  westward  induced  the  trustees 
to  acquire  new  land  on  West  Randolph 
street.  In  time  the  development  of  the 
old  Haymarket  into  a  wholesale  food 
market  made  this  property  unsuitable, 
and  lots  on  Van  Buren  and  Morgan 
streets  were  bought.  Then  the  Metro- 
politan Elevated  Railroad  was  built, 
and  some  of  this  land  was  lost  by  con- 
demnation. Finally  our  trustees  of  that 
time  —  John  A.  Roche,  Christian  C. 
Kohlsaat,  and  John  McLaren  —  pur- 
chased lots  at  the  southeast  corner  of 
Madison  and  Robey  streets  (now  Da- 
men  Avenue).  Articles  of  incorpora- 
tion were  granted  to  them,  and  the  will 
of  Allen  C.  Lewis,  visioned  far  ahead 
of  the  times  in  educational  thought, 
became  the  charter  of  the  new  Insti- 
tute. 

Having  chosen  the  site,  the  trustees 
started  on  the  building  before  they 
had  definitely  decided  on  the  exact 
type  of  a  school  it  was  to  house.  This 
haste  necessitated  changes  in  the 
plans  even  before  the  building  was 
finished.  Following  the  dictates  of  the 


will,  it  was  a  "good,  plain,  substantial 
building,  in  every  way  constructed  for 
use,  utility,  and  durability,  plainly 
and  handsomely  furnished  inside  and 
out,  but  all  extra  cost  for  fine  and 
showy  ornamentation  was  studiously 
avoided."  All  of  the  pieces  of  property 
mentioned  before  were  on  car-line 
streets  in  accordance  with  a  statement 
that  "as  much  of  the  building  as  con- 
sistent should  be  devoted  to  general 
business  purposes,  so  as  to  get  as  great 
an  income  therefrom  as  possible".  So 
the  first  floor  of  the  building  consisted 
of  stores,  four  of  which  in  later 
years,  were  rented  to  the  Chicago 
Public  Library  to  carry  out  an  ex- 
pressed provision  that  a  "free  reading 
room  was  to  be  provided  for  the  pub- 
lic", our  own  school  library  having 
proved  inadequate  in  size.  Aside  from 
the  space  to  he  devoted  to  general  l)usi- 
ness  purposes,  the  will  provided  for 
the  setting  up  of  lecture  halls,  study 
rooms,  and  the  free  reading  room  men- 
tioned before,  which  was  to  be  sup- 
plied with  newspapers  and  magazines 
of  the  day,  and  while  the  standard 
works  on  art  and  literature  were  to  be 
furnished,  "novels  and  sensational  lit- 
erature were  to  be  avoided". 

The  will  provided  for  the  mainte- 
nance of  an  evening  school  "with 
courses  of  a  kind  and  character  not 
generally  taught  in  the  public  schools 
of  the  city,  and  with  special  branches 
or  studies  that  would  be  directly  useful 
to  students  in  obtaining  a  position  and 
occupation  for  life."  There  were  eve- 
ning schools,  in  the  eastern  cities  at 
least,  before  this  will  was  probated, 
but  educators  point  out  that  the  above 
quoted  paragraph  is  probably  the  first 
actual  provision  made  for  adult  educa- 
tion in  the  sense  we  know  it  today.  In 
addition  a  "school  for  respectable  fe- 
males" was  to  be  maintained  in  the 
different  branches  of  art,  science,  de- 
sign, etc.,  instruction  in  which  might 
enable  them  to  gain  a  livelihood  there- 
from. Even  in  the  "70's  it  was  evident 
to  a  far-seeing  planner  that  men  were 
not  always  going  to  be  able  to  support 
their  families  and  that  women  would 
have  to  work. 

Another  paragraph  in  the  will  pro- 
vided for  the  "establishment  and  main- 
tenance of  a  Polvtecbnic  School,  sec- 


ond to  none,  though,  in  no  way,  was 
this  school  to  interfere  with  the  school 
for  females."  All  the  other  provisions 
of  the  will  save  this  one  are  accom- 
panied by  qualifying  phrases  and  sug- 
gestions. This  statement  stands  alone. 
Perhaps  Mr.  Lewis  foresaw  the  coming 
of  this  great  machine  age,  and,  being  a 
bit  vague  as  to  how  to  handle  such  an 
undeveloped  problem  and  having  no 
desire  to  handicap  the  trustees,  made  a 
simple  statement  and  left  the  rest  to 
time.  I'm  wondering  what  he  would 
think  could  he  know  that,  after  seventy 
years,  men  are  still  arguing  as  to  just 
what  a  polytechnic  school  should  be. 

Much  of  the  language  of  this  docu- 
ment is  somewhat  quaint  and  old- 
fashioned,  but  the  basic  ideas  involved 
are  as  modern  as  though  they  were 
written  yesterday.  To  me  it  is  most 
amusing  to  note  that  such  a  forward 
looking  mind  still  bowed  to  the  Vic- 
torian teachings  of  the  '70's,  for  while 
he  advocated  the  education  of  females, 
Mr.  Lewis  discouraged  novels  and  sen- 
sational literature. 

With  the  instructions  of  the  will  at 
hand,  and  the  building  started,  the 
trustees  set  about  to  determine  the  na- 
ture, scope,  and  management  of  the 
Institute  about  to  open  its  doors.  Our 
files  contain  very  interesting  and  re- 
markable letters  from  educators, 
prominent  Chicagoans,  and  again  from 
John  Q.  Public  as  to  what  should  he 
taught  in  the  new  school.  Several  edu- 
cators offered  their  services  in  opening 
up  the  new  school,  but  the  salaries  they 
asked  must  have  astounded  the  trustees 
as  they  were  in  line  with  those  paid  a 
good  many  college  presidents  today. 
Just  as  money  gifts  these  days  are  al- 
most always  tagged,  so  each  letter- 
wi-iting  citizen  wanted  a  school  built 
up  that  would  suit  his  individual 
needs.  Fortunately  the  trustees  had  the 
intelligence  to  turn  for  help  to  the  new- 
comer in  our  city  whose  modern  ideas 
in  education  were  startling  the  Middle- 
West — William  Rainey  Harper. 

Dr.  Harper,  who  had  been  somewhat 
handicapped  in  the  experiments  he 
would  like  to  have  tried  at  the  Univer- 
sity of  Chicago,  eagerly  seized  the  op- 
portunity to  develop  some  of  his  new 
ideas  under  more  favorable  circum- 
See  LEWIS  on  Page  43 
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A  UNIQUE  TOROUEMETER 


Bv  K.  W.  MILLER 


A  need  has  long  existed  for  a  con- 
venient device  to  measure  Loth  aver- 
ao;e  and  instantaneous  torque  trans- 
mitted by  a  rotating  shaft.  This  has 
been  attempted  in  the  past  with  op- 
tical, niechanical-li)draulic,  magnetic 
and  electrical  systems.  Most  of  these 
devices  require  special  insertions  in. 
or  attachments  to,  the  shaft,  force  re- 
action through  jilanetary  gears,  slip 
rings  and  or  other  expensive,  delicate, 
or  cumbersome  assemblies.  Moreover, 
some  of  them  are  not  well  suited  for 
instantaneous  torque  response. 

The  Armour  Research  Foundation 
is  developing  a  torquemeter  utilizing 
a  principle  devised  by  Mr.  C.  M.  Rifen- 
bergh,  which  will  measure  both  aver- 
age and  instantaneous  torque  and 
which  makes  use  of  a  small  compact 
pickup  unit  which  is  easily  installed 
around  a  short  length  of  ordinary 
shaft.  The  torquemeter  consists  of  the 
pickup  unit,  an  A-C  bridge  unit,  and 
the  indicating  instrumv'nt  (See  Fig.  1 ). 
The  pickup  unit,  which  consists  of  two 
helical  coils  located  coaxially  with  the 
shaft,  forms  two  arms  of  the  bridge 
circuit. 

A  New  Approach  To  The 
Torquemeter  Problem 

The  Armour  Torcjueuieter  measures 
torque  by  detecting  magnetic  and  elec- 
trical changes  due  to  torsional  stress  in 
the  material  comprising  the  shaft  sur- 
face. An  electric  current,  passed 
through  the  coils  of  the  pickup  unit. 
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sets  up  flux-linkages  in  the  outer  lay- 
ers of  the  shaft.  A  change  in  stress 
causes  a  variation  in  the  flux  linking 
the  coils  to  the  shaft  and  results  in 
an  impedance  change.  This  eflfect  is 
translated  by  a  relatively  simple  elec- 
tric circuit  means  to  provide  a  torque- 
proportional  output  current  for  actua- 
tion of  an  electric  meter  or  oscillo- 
graph calibrated  in  terms  of  torsional 
stress  or  of  any  desired  related  quan- 
tity. 

The  only  modification  of  the  rotat- 
ing shaft  required  by  the  torquemeter 
is  the  addition  of  a  thin  coating  or 
metal  film  overlay  to  a  sliort  axial 
length  of  the  standard  shaft's  surface. 
Means  for  accomplishing  this  l)v  plat- 
ing, metal  spray,  or  attached  metal  foil 
covering  are  simple  in  operation  and 
the  manufacturing  methods  are  well 
known.  Suitable  shaft  coating  mate- 
rials and  application  methods  for 
rapid  and  easy  field  apj)lication  are 
being  developed  at  the  Armour  Re- 
search Foundation.  This  feature  is  an 
outstanding  advantage  of  the  torque- 
meter— no  appreciable  change  in  cross 
section  or  addition  of  com|>lex  me- 
chanism to  the  tonpii'  Iraiisinitting 
shaft  is  required.  There  arc  no  precise 
or  delicate  parts  to  manufacture,  in- 
stall,  or   maintain    in   service. 

The  two  stationary  pickup  coils, 
which  react  differentially  to  the  re- 
solved tension  and  compression  com- 
ponents of  torsional  stress,  are  elec- 
trically identical  and  therefore  balance 
out  responses  due  to  temperature  and 


other  undesired  influences.  They  can 
be  made  very  light  and  compact.  They 
require  liut  a  short  axial  length  of  shaft 
for  installation.  Their  design  does  not 
necessarily  require  complete  encircle- 
ment of  the  shaft;  comparatively  large 
bending  and  or  axial  stresses  may  be 
l)resent  in  the  shaft  without  appi-e- 
ciajjly  affecting  the  accuracy  of  torque 
measurement.  The  pickup  unit  is  not 
affected  by  splashing  oil  anil  does  not 
interfere  with  normal  means  of  lubri- 
cation. No  physical  contactii.  such  as 
slip  rings  and  brushes,  are  required 
between  the  rotating  shaft  and  the  sta- 
tionary pickup  element  external  to  the 
shaft.  ' 

Principle  Of  Operation 

It  has  been  known  for  some  time 
that  a  change  in  the  stress  of  certain 
materials  will  alter  their  magnetic  and 
electrical  properties.  The  Armour 
Torquemeter  utilizes  this  phenomenon 
for  quantitatively  measuring  the 
torque  transmitted  by  a  rotating  shaft. 
The  a])i)lication  of  torque  to  a  cylin- 
drical bar  or  tube  results  in  torsional 
stresses  throughout  its  body.  The  max- 
imum fiber  stresses  exist  in  the  outer 
layers  of  the  cylinder.  The  torque  re- 
sults in  circumferentially  oriented 
shear  stresses  which  in  turn  may  be 
resolved  into  component  stresses — ten- 
sion and  compression — which  are  ori- 
ented respectively  in  the  direction  of 
right  and  left-hand  45°  helices.  It  is 
logical  to  expect,  therefore,  that  the 
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maximum  change  in  magnetic  and 
electrical  properties  of  the  material 
should  occur  in  the  same  45°  helix 
orientations.  Magnetic  flux  is  intro- 
duced in  the  outer  layer  of  the  siiaft 
in  similarly  oriented  paths  by  the  two 
helical  coils  employed  in  the  pickup 
unit.  A  change  in  the  shaft  surface 
stress  brings  about  an  accompanying 
change  in  the  flux  linkages  between 
the  coils  and  the  shaft  and  results  in 
a  measurable  change  in  the  reactance 
of  each  coil.  Thus  applying  a  torque 
to  the  shaft  can  be  made  to  produce 
a  differential  change  in  the  impedance 
of  the  two  coils.  Measurement  of  this 
differential  change  in  impedance  then 
becomes  a  measure  of  the  torque  in 
the  shaft. 


Although  the  pickup  unit  is  siniijle 
in  construction  and  installation,  the 
exa'ct  mechanism  of  the  coupling  of 
torque-responsive  magnetic  and  elec- 
trical changes  in  the  shaft  material 
to  the  detecting  coils  is  complex  in 
fundamental  na'ture.  The  net  im- 
pedance change  in  each  of  the  coils, 
resulting  from  torsional  stress  in  the 
shaft,  is  the  combined  effect  of  several 
simultaneous  reactions.  Magnetostric- 
tive  phenomena  involve  not  only  a 
change  in  mechanical  state,  such  as 
length,  in  ferromagnetic  materials  due 
to  a  change  in  the  magnetic  state,  but 
conversely,  the  inverse  effect,  a  change 
in  magnetic  induction,  or  ])ermeability 
in  a  ferromagnetic  material  due  to  a 
change  in  longitudinal  stress.  The  coils 


in  the  pickup  introduce  magnetic  flux 
in  elements  of  the  shaft  surface  which 
may  be  considered  as  being  stressed 
with  tension  and  compression  in  mu- 
tually perpendicular  directions  both 
inclined  45°  to  the  direction  of  the 
shaft  axis.  Since  the  shaft  surface  forms 
a  part  of  the  coils  magnetic  circuit, 
a  change  in  the  magnetic  permeability 
of  the  shaft  material  would  a[)pear  as 
a  change  in  the  lumped  inductance  of 
the  total  magnetic  circuit  and  cause 
the  inductive  reactance  of  each  coil  to 
change.  All  other  parameters  being 
held  constant,  the  inductance  is  di- 
rectly proportional  to  permeability. 
The  exact  magnitude  of  the  inverse 
magnetostrictive  effect  is  dependent 
on  the  magnetic  intensity  H,  the  ma- 
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terial  itself,  its  heat  treatment  and 
previous  history.  Since  the  flux  is  in- 
troduced in  the  shaft  material  in  the 
form  of  an  alternate  field,  magnetic 
hysteresis  and  eddy  current  losses  also 
become  factors. 

AD  these  factors  can  change  with 
torsional  stress  since  volume  resistivity 
and  the  magnetic  hysteresis  of  ferro- 
magnetic materials  are  also  stress  de- 
pendent. Both  the  hysteretic  and  eddy 
current  energy  losses  are  complex  func- 
tions which  can  be  resolved  into  re- 
sistive and  reactive  components  and 
add  vectorially  with  the  self  induct- 
ance and  olimic  resistance  of  the  coils. 
Moreover,  for  pulsating  torque,  small 
mechanical  hysteresis  may  be  present 
between  clockwise  and  counter- 
clockwise applications  of  torque.  It  is 
apparent  from  the  foregoing,  there- 
fore, that  the  net  impedance  change 
in  the  pickup  coils,  due  to  a  change  in 
the  torsional  stress  in  a  shaft,  is  quite 
complex.  It  has  been  encouraging, 
however,  that  torque  versus  bridge  un- 
balance of  the  torquemeter  for  some 
materials,  such  as  Monel,  have  yielded 
linear  and  reproducible  relations. 

The  10  KC  Pickup  Unit 

These  basic  considerations  have 
been  utilized  in  the  construction  of  the 
pickup  unit.  The  pickup  unit  of  the 
present  model  introduces  a  10" KC  al- 
ternating magnetic  flux  in  the  outer 
layers  of  the  shaft.  The  two  coils  in 
this  pickup  unit  are  wound  on  lam- 
inated iron  cores.  The  two  cores  each 
have  six  helical  air  gaps  having  a  45° 
pitch  angle.  The  gaps  in  one  core  spiral 
clockwise  while  those  in  the  other  core 
spiral  counterclockwise.  In  this  man- 
ner, the  flux  from  one  core  parallels 


the  maximum  tension  stresses,  while 
the  flux  from  the  other  coil  parallels 
the  maximum  compression  stresses. 
The  application  of  torsion,  therefore, 
causes  a  differential  change  in  the  im- 
pedance of  the  two  coils.  The  coils  are 
placed  in  a  housing  which  is  posi- 
tioned coaxially  to  the  shaft  by  bear- 
ings. (See  Fig.  1). 

The  Electrical  Circuit 

The  coils  of  the  pickup  unit  consti- 
tute two  arms  of  an  alternating  current 
bridge.  The  remaining  two  arms  of  the 
bridge  are  contained  in  the  electronic 
power  source  and  detection  unit.  This 
electronic  circuit  unit  contains  all  the 
necessary  components  for  supplying 
the  10  KC  energy  and  metering  the 
bridge  unbalance  voltage.  An  oscil- 
lator of  the  resistance-capacity  type 
supplies  the  10  KC  signal  to  a  balanced 
power  amplifier.  The  output  of  the 
amplifier  is  applied  across  the  gen- 
erator terminals  of  the  bridge.  A  mon- 
itoring voltmeter  enables  this  bridge 
voltage  to  be  set  and  held  to  a  desired 
value.  The  bridge  unbalance  voltage 
is  applied  to  the  input  terminals  of  a 
frequency  selective  vacuum  tube  volt- 
meter which  in  turn  supplies  a  meter 
movement  and  oscilloscope  input 
channel.  The  average  or  static  torque 
is  then  indicated  by  the  meter  move- 
ment which  may  be  calibrated  in  units 
of  torque  or  torsional  stress.  The  oscil- 
loscope channel  supplies  either  a  rec- 
tified modulation  envelope  or  the 
unrectified  modulation  envelope  in- 
dicating instantaneous  torque  on  an 
oscilloscope  for  photographic  or  visual 
record.  Operation  of  the  circuit  con- 
sists of  setting  the  range  switch  to  the 
desired  torque  sensitivity  and  setting 


the  bridge  supply  voltage  to  a  prede- 
termined calibration  value.  The  out- 
put of  the  instrument  is  of  sufficient 
magnitude  to  operate  standard  record- 
ing instruments. 

Experimental  Results 

Some  experiments  have  been  car- 
ried out  to  determine  the  nature  of 
torque  versus  meter  indication  of 
several  test  shafts.  Unannealed  Monel 
tubes  of  various  wall  thicknesses  have 
been  examined  and  a  nickel  plated 
steel  tube  has  been  tested.  The  Monel 
shows  good  sensitivity  and  a  reason- 
able degree  of  linearity  in  overall  cir- 
cuit indication,  versus  torque.  The  me- 
chanical hysteresis  in  Monel  (dis- 
crepancy in  indication  between  load 
and  unload  of  torque-moment)  aver- 
ages about  one  per  cent.  These  static 
torque  tests  were  run  by  dead  loading 
on  a  torque  arm  welded  to  test  shafts 
the  other  ends  of  which  were  clamped. 

The  stability  of  sensitivity  and  zero 
adjustment  of  this  model  instrument 
are  such  that  torque  indications  may 
be  reproduced  within  two  per  cent 
over  periods  of  several  hours.  The 
torque  meter  has  been  tested  under 
actual  running  conditions  on  two  en- 
gines. One  engine  was  a  single  cylin- 
der, 4-cycle,  Diesel,  developing  twenty 
horse  power  at  one  thousand  RPM. 
The  instrument  gave  both  average  and 
instantaneous  torque  indication  satis- 
factorilv  for  a  period  of  one  hundred 
and  fifty  hours  of  continued  engine 
operation.  Oscilloscope  records  of  in- 
stantaneous torque  pulsations  were  ob- 
tained similar  in  general  nature  to  the 
record  shown  in  Fig.  2.  The  torque- 
meter  has  also  been  installed  on  the 
drive  shaft  of  standard  six-cylinder 
See  TORQUEMETER  on  Page  51 
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WHAT  IS  URBAN  REDEVELOPMENT? 


By  HERBERT  A.  SIMON' 


There  has  been  a  great  deal  of  talk 
during  the  past  few  years  about  some- 
thing called  "urban  redevelopment." 
The  legislatures  of  twenty  states  have 
placed  urban  redevelopment  laws  on 
their  statute  books,  the  laws  of  New 
York  and  Illinois  being  among  the  ear- 
liest. In  broad  terms,  urban  redevelop- 
ment is  an  attempt  to  reconstruct  those 
large  portions  of  our  great  cities  that 
have  deteriorated  into  slum  condi- 
tions, and  that  are  urgently  in  need  of 
rehabilitation.  In  almost  every  city  of 
the  United  States  areas  can  be  found, 
usually  surrounding  the  central  busi- 
ness and  wholesale  districts,  which 
have  fallen  into  a  state  of  physical  dis- 
repair. These  are  also  areas  of  "social 
disrepair"  characterized  by  crime  and 
delinquency,  high  rates  of  disease, 
family  disorganization  and  poverty. 
On  the  one  hand,  these  areas  exhibit  a 
very  high  density  of  population — at 
least  in  number  of  persons  per  room — 
while  on  the  other  hand,  large  parts  of 
the  areas  are  often  in  vacant  land  or  in 
commercial  and  industrial  use.  These 
"blighted"  areas  constitute  a  heavy- 
drain  upon  the  community  in  terms  of 
public  services  and  tax  delinquency, 
and  their  reconstruction  has  become 
one  of  the  fundamental  postwar  mu- 
nicipal problems. 

Urban  redevelopment  is  of  vital  in- 
terest to  Illinois  Institute  of  Technolo- 
gy because  the  Institute's  plant  is  lo- 
cated almost  in  the  center  of  one  of 
the  most  seriously  blighted  areas  in 
Chicago.  While  the  physical  plant  is 
by  no  means  the  most  important  part 
of  an  educational  institution,  and 
while  the  condition  of  the  surrounding 
community  cannot  prevent  the  devel- 
opment of  a  suitable  physical  plant  for 


1  The  writer  has  no  official  connection  willi  1 
Institute  of  Technology's  redevelopment  project,  noi 
the  South  Side  Planning  Board.  The  views  expres 
this    article    are    his    own. 


the  institution,  stiU  it  cannot  be  denied 
that  the  community  in  which  it  lies  has 
a  considerable  effect  upon  a  school, 
and  upon  the  attitudes  of  the  public 
toward  it.  The  condition  of  Illinois 
Tech's  surroundings  prevents  it  from 
having  auxiliary  services  —  shops, 
housing,  and  other  facilities — that  nor- 
mally are  found  in  a  imiversity  com- 
munity. Illinois  Institute  of  Technolo- 
gy therefore  has  a  large  stake  in  the 
success  of  urban  redevelopment  plans 
for  Chicago. 

Causes  Of  Blight 

Procedures  for  urban  redevelop- 
ment will  be  successful  only  if  they  are 
soundly  based  upon  a  correct  diagnosis 
of  the  causes  of  urban  blight.  While 
these  causes  are  not  completely  known, 
enough  is  known  about  them  to  guide 
practical  reconstruction  activities. 

First  among  the  causes  of  urban 
blight  is  poverty.  Many  of  the  undesir- 
able social  conditions  of  the  blighted 
area  are  simply  a  reflection  of  the  gen- 
eral economic  condition  of  the  people 
who  live  in  the  area.  To  the  extent  that 
this  is  so,  the  poor  physical  condition 
of  the  area  is  not  a  cause  of  the  social 
conditions,  but  simply  another  symp- 
tom of  the  underlying  causes;  nor 
would  physical  reconstruction  solve 
these  social  problems  so  long  as  the 
underlying  economic  causes  remained. 
The  rents  paid  by  the  residents  of 
blighted  areas  are  high — measured  in 
terms  of  what  they  get — but  are  low  as 
conTiJared  with  what  they  would  need 
to  pay  in  order  to  induce  investors  to 
provide  them  with  satisfactory  hous- 
ing. 

But  poverty  is  by  no  means  the 
whole  story.  A  second  factor  that  must 
l)e  considered  is  land  speculation.  The 
blighted  area  usually  surrounds  a  com- 
mercial district.  Many  of  the  individ- 
uals who  own  land  in  blighted  areas 


keep  it  in  anticipation  of  the  eventual 
expansion  of  the  commercial  district. 
In  most  cases  these  hopes  are  un- 
founded, for  the  period  of  extremely 
rapid  growth  of  our  cities  is  over,  and 
the  blighted  areas  of  most  cities  could 
accommodate  twenty  commercial  dis- 
tricts the  size  of  the  present  ones. 
Nevertheless,  so  long  as  the  investor 
persists  in  his  hope,  he  will  not  be  in- 
clined to  spend  very  much  to  maintain 
and  improve  the  structures  standing  on 
the  land. 

A  third  major  cause  of  blight  is  the 
blight  itself.  Just  as  a  single  rotten  ap- 
ple will  spoil  a  whole  barrel  of  apples, 
so  a  few  buildings  in  a  neighborhood 
that  are  run-down,  or  of  an  inappro- 
priate type,  will  start  the  decline  of  the 
entire  neighborhood.  Moreover,  this  is 
something  that  the  individual  proper- 
ty owner,  even  if  he  wishes,  cannot  do 
much  to  stop.  If  he  lives  in  his  own 
home,  sooner  or  later  he  finds  the 
neighborhood  undesirable  for  his  fam- 
ily and  moves  out.  If  he  lets  his  house 
or  apartment  building,  he  finds  that 
he  cannot  obtain  rents  that  would  jus- 
tify high  standards  of  maintenance  or 
new  investment  in  the  property.  Thus, 
the  first  symptoms  of  deterioration 
spread  rapidly  and  ultimately  bring 
about  a  deterioration  of  the  neighbor- 
hood as  a  whole. 

Because  of  the  contagious  character 
of  urban  blight,  and  because  of  the 
helplessness  of  the  individual  property 
owner  in  facing  it,  the  condition  is  one 
that  requires  community  action  for  its 
correction.  This  community  action 
may  be  in  the  form  of  redevelopment 
work  conducted  by  the  local  govern- 
ment, redevelopment  conducted  by 
private  groups  which  are  large 
enough  to  deal  with  whole  areas,  or 
some  combination  of  these  two.  In  gen- 
eral, private  groups  will  be  unable  to 
deal  with  blight  unless  the  community 
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lends  them  k'jial,  financial,  or  other 
assistance.  A  fundamental  reason  for 
this  is  the  difficulty  of  getting  the  large 
number  of  property  owners  who  are 
necessarily  involved  to  cooperate  in 
carrying  out  any  remedial  scheme. 

Land  Assembly 

A  central  projdi-ni  in  the  redevelop- 
ment of  ])lighl('d  areas  is  the  assembly 
of  a  sufficient  area  of  land  to  permit  a 
planned  and  coordinated  redevelop- 
ment project.  \^  ithout  an  area  of  suf- 
ficient size,  new  construction,  no  mat- 
ter how  well  conceived,  would  inevit- 
ably be  affected  Jjy  the  surrounding 
blight.  To  assemble  such  areas  of  land 
generally  requires  the  use  of  legal  jtow- 
ers  of  government. 

Governmental  agencies  |)Ossess  the 
])Ower  of  eminent  domain.  That  is, 
not  only  may  they  purchase  property 
through  contracts  with  owners,  as  pri- 
vate individuals  may,  ])ut  in  case  a 
property  owner  is  unwilling  to  sell, 
or  demands  an  exorliitant  price,  they 
may  condenui  I  lie  projjerty  and  take 
it  for  a  pujjiic  [>urj)ose.  Condemna- 
tion requires  court  proceedings  to 
make  certain  that  the  property  is 
being  taken  for  a  proper  jiurpose,  and 
to  award  fair  compensation  to  the 
owner.  The  power  of  eminent  domain 
not  only  may  be  exercised  by  j)ublic 
agencies,  but  also  may  be  delegated 
by  the  state  legislature  to  private  in- 
dividuals or  corporations  which  need 
the  property  for  some  public  purpose. 
The  term  "pul)lic  purpose"  is  usually 
construed  by  the  courts  to  mean  a 
purpose  that  is  sanctioned  by  consid- 
erations of  pul)]ic  health,  safety,  or 
welfare.  Thus  railroads  may  be  dele- 
gated the  power  of  eminent  domain 
to  secure  rights-of-way  for  their 
tracks. 

A8send)Iy  of  large  urban  land  areas 
througli  voluntary  purchase  is  an  al- 
most impossible  task,  since  a  single 
"hold-out"  will  prevent  the  assembly 
from  Jieing  com|)leted.  Where  assem- 
bly of  even  moderate  areas  is  under- 
taken, the  task  must  be  surroiuided 
with  secrecy  and  carried  out  over  a 
long  period  of  years.  Hence,  the  pros- 
pects for  urban  redevelopment 
through  the  activity  of  private  organ- 
izations would  be  dim  indeed  if  these 
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organizations  could  not  exercise  the 
power  of  eminent  domain  where  vol- 
untary purchase  is  impossible. 

One  of  the  important  functions  of 
urban  redevelopment  laws  is  to  pro- 
vide legal  authority  for  the  condemna- 
tion of  land  needed  for  redevelop- 
ment. In  most  states  shim  clearance 
legislation  has  been  on  the  books  for 
some  years  permitting  local  govern- 
mental agencies  to  use  the  power  of 
eminent  domain  to  secure  land  for 
slum  clearance  and  ])ublic  iiousing 
programs.  The  new  feature  of  the  re- 
development legislation  is  that  it  per- 
mits this  power  to  be  used,  with 
proper  safeguards,  by  privately  fi- 
nanced redevelopment  corporations, 
or  permits  local  governments  to  ac- 
quire land  for  later  lease  or  sale  to 
sucii  corporations.  Illinois  has 
adopted  legislation  of  l)oth  types. 
Thus,  under  Illinois  law.  the  Chicago 
Housing  Authority  can  undertake 
puldic  housing  projects,  the  Chicago 
Redeyeloi)ment  Commission  can  au- 
thorize private  organizations  to  carry 
out  projects  of  their  own,  while  the 
Housing  Authority  may  also  acquire 
and  clear  land  for  sale  or  lease  to 
|)rivatc  organizations.  The  Illinois 
law  requires  that  a  private  redevelop- 
ment corporation  acquire  sixty-one 
per  cent  of  the  land  in  the  redevelop- 
ment area  bv  purchase  before  the 
l)ower  of  eminent  domain  may  be 
used  to  secure  the  remainder. 

Financing  Land  Acquisition 

With  legal  difficulties  out  of  the 
way,  there  remain  formidable  finan- 
cial |>robIems  thai  must  be  met  be- 
fore rehabilitation  of  slum  areas  can 
be  carried  out.  One  of  these  diffi- 
culties is  the  high  <'ost  of  acquiring 
the  existing  land  and  buildings  in  the 
blighted  area.  These  high  costs  are 
a  reflection  of  the  high  intensity  of 
use  in  large  parts  of  these  area,s  at 
present,  the  speculative  values  still 
placed  upon  the  land  in  anticipation 
of  conunercial  expansion,  and  the  fact 
that  the  value  of  existing  structures, 
however  deteriorated,  must  be  com- 
pletely "written  off"  l)y  the  project. 
Regardless  of  whether  the  property 
is  acquired  by  voluntary  pvirchase,  or 
whether  the  price  is  fixed  by  a  court 


in  condemnation  proceedings,  current 
market  prices  must  be  paid.  The  very 
pros])Cct  of  redevelopment  helps  to 
sustain  land  values  at  existing,  over- 
optimistic,  inflated  values.  These  high 
costs  of  site  acquisition  are  a  major 
reason  whv  most  private  housing  con- 
struction in  recent  decades  has  taken 
place  in  the  suburbs  rather  than  in 
the  more  accessible  and  centrally- 
located   blighted    areas. 

When  slum  clearance  has  been  car- 
ried out  by  public  housing  author- 
ities, the  costs  have  l)een  met  in  part 
through  outright  cash  grants,  or 
through  subsidies  in  the  form  of  low 
municipal  taxes  on  the  new  housing. 
Substantial  cash  grants  as  well  as  low- 
interest  loans  have  been  made  avail- 
able by  the  Federal  government  and 
some  state  governments  during  the 
past  ten  years  to  provide  housing  for 
low-income  groups  and  for  war  work- 
ers. Additional  grants  of  this  kind 
would  be  made  under  the  terms  of 
the  Wagner-EIlender-Taft  housing 
bill  that  is  under  consideration  by 
Congress. 

A  number  of  redevelopment  laws 
provide  some  form  of  financial  as- 
sistance to  private  redevelopment  cor- 
porations. This  assistance  most  com- 
monly takes  the  form  of  a  partial  tax 
exemption  for  the  project.  Under  the 
New  \ork  law,  for  example,  property 
taxes  for  twenty-five  years  after  the 
project  has  been  completed  are  based 
on  the  assessed  value  of  the  property 
prior  to  the  redevelopment.  No  such 
exemption  is  granted  by  the  Illinois 
law,  but  there  is  provision  for  cash 
grants  from  State  and  Federal  govern- 
ments for  public  slum  clearance  proj- 
ects where  the  land  may  later  be  sold 
or  leased  to  private  development 
groups.  Where  tax  exemption  is  given 
to  private  redevelopment  corpora- 
tions, limitations  are  commonly 
placed  on  the  profits  of  the  corpora- 
tions— five  per  cent  of  the  original 
cost  in  the  case  of  New  York. 

Planning  The  Development- 
Efforts  toward  rehabilitation  of  an 
area  cannot  have  more  than  a  transi- 
tory success  unless  the   project  is  so 

See  RE-DEVELOPMENT  on  Page  48 
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MEN  OF  INDIA 

By  K.  IVagaraja  Rao 


There  has  been  quite  an  invasion 
of  Illinois  Institute  of  Teehnology  by 
students  from  India.  You  will  find 
them  in  almost  all  the  departments 
of  the  Institute.  "Are  you  from  Mex- 
ico" is  a  question  which  we  have  often 
been  asked  by  those  who  have  not  seen 
Indians  before.  The  veterans  who 
were  in  India  duriiio;  the  war  recognize 
us  easily  and  try  a  little  Hindustani 
(the  national  languajie  of  India  I  on 
us  and  ask  if  we  are  from  Bombay,  a 
citv  which  many  of  them  had  occasion 
to  see.  Tb»  telephone  operator  usual- 
Iv  asks  aa  to  spell  our  names  and 
heaves  a  sigh  after  finding  their  length. 
Kamaki-ishna.  Chandran.  the  Srini- 
vasans,  Mahji.  Almolo.  Patel,  and 
Bhagavathi  have  been  in  the  school 
for  nearly  a  year  now.  Those  who  have 
enrolled  themselves  this  semester  — 
thev  too  have  names  difficult  for  you 
to  pronoaiK-e — Aarasimhaih  and  Pan- 
thasanathi,  Iyengar.  Doshi  and  Dalai, 
Shah.  KcJikre  and  Sura  are  recent  ar- 
rivals in  this  country.  Don"t  mind  the 
length  of  tlieir  names.  Each  name  rep- 
resents tlie  name  of  a  god.  and  if  you 
address  an  Indian  student  by  his  name. 
voH  will  have  automatically  pro- 
nounced th*  name  of  an  Indian  god. 
And  an  Indian  god  blesses  you  as  well 
as  any  other.  The  difficulty  of  pro- 
nouncing oames  has  not  been  an  im- 
pediment k\  any  way.  On  the  other 
hand,  we  have  received  a  warm  wel- 
come everywhere  in  America.  We  like 
the  American  affability  and  informal- 
ity. Thos>e  whom  we  have  known  a 
little  mors  intimately  have  been  very 
friendly  and  extremely  helpful.  We 
bothered  Dean  Lewis  and  our  respec- 
tive professors,  asking  them  to  change 
our  schedules  and  for  so  many  other 
things.  But  they  have  always  been  very 
sympathetic,  knowing  as  they  do  that 
we  are  trying  to  adjust  ourselves  to  a 
new  tvpe  of  instruction. 


The  Indian  students  are  here  at  Illi- 
nois Tech  as  the  result  of  the  technical 
training  program  inaugurated  by  the 
Government  of  India.  There  are  at 
present  more  than  700  students  in  the 
different  technical  schools  and  colleges 
of  the  United  States.  India,  after  the 
war,  like  evei-y  other  country,  is  plan- 
ning a  reconstruction  of  all  aspects 
of  her  national  life.  Many  plans  have 
lieen  formulated  and  many  more  arc 
on  the  anvil,  but  all  of  them  have  as 
their  objective  the  raising  of  the  stand- 
ard of  living  of  the  people  by  a  well- 
planned  industrialization  of  the  coun- 
trv.  The  Government  of  India,  about 
two  years  agx).  decided  to  send  500 
students  to  foreign  countries  on  schol- 
arships, tenable  for  two  vears,  for  ad- 
vanced courses  in  technical  and  sci- 
entific subjects  related  to  the  prob- 
able ])ost-war  needs.  Indian  students 
thus  selected  are  now  taking  courses  in 
American  institutions  of  learning  in 
such  varied  subjects  as  helminthology, 
protozoology,  meteorology,  fisheries, 
wood  technologv,  agricultural  engi- 
neering, cinematography,  virus  en- 
tomology, and  among  many  others  the 
time-honored  ])ranches  of  engineering 
— civil,  electrical,  mechanical  and 
chemical. 

The  students  all  have  degrees  from 
one  or  the  other  of  the  eighteen  Indian 
universities  and  were  chosen  from 
among  13,000  applicants  by  commit- 
tees of  scientists  and  experts  in  their 
respective  fields.  The  basis  of  selection 
was  scholastic  attainment  and  indus- 
trial or  professional  experience.  The 
plan  was  sponsored  by  the  Education 
Department  of  the  Government  of 
India  and  will  be  in  operation  for  five 
years.  There  is  also  a  program  spon- 
sored by  the  Labor  Department  of  the 
Indian  Government  by  which  tech- 
nicians already  employed  in  industry 
are  sent  to  the  United  States  or  Great 


Britain  for  more  intensive  training  in 
the  methods  of  the  industry  in  which 
they  are  employed.  Amongst  us  are 
also  those  who  had  enough  money  to 
spare  and  are  here  on  our  own  re- 
sources. 

All  of  us  are  taken  care  of  by  the 
Education  Liaison  Officer  to  the  Gov- 
ernment of  India.  Professor  M.  S. 
Sundaram.  attached  to  the  Indian 
Agency  General  at  Washington.  This 
"rich  uncle  Sundaram,"  as  we  call  him, 
is  well  known  to  all  the  deans  of  the 
different  schools  in  America.  He  found 
us  places  in  the  various  colleges,  ar- 
ranged for  our  passage  to  this  country 
and  our  accommodation  here  and  pays 
our  stipends.  Speaking  about  places, 
we  would  like  to  thank  the  authorities 
of  the  Institute  for  so  kindly  providing 
room  for  us,  despite  the  crowded  con- 
dition of  the  Institute  and  the  pressure 
on  laboratories  and  space.  It  is  a  great 
gesture  of  good  will  on  the  part  of  the 
authorities  and  a  symbol  of  American 
magnanimilv. 

It  may  be  in  })lace  to  say  a  few  words 
on  the  Indian  educational  methods. 
There  is  at  present  a  lot  of  illiteracy 
to  be  fought  off  in  India.  There  has 
been  a  vigorous  drive  in  the  direction 
of  providing  greater  educational  op- 
portunities and  particular  attention  is 
being  paid  to  vocational  education.  It 
is  one  of  the  defects  of  Indian  educa- 
tion that  it  is  bookish  and  in  some 
respects  unrelated  to  the  facts  of  life. 
Too  much  importance  is  laid  on  exam- 
inations: they  are  of  the  essav  type 
and  have  all  the  associated  evils  and 
some  of  the  merits  of  this  type.  The 
medium  of  instruction  is  English,  a 
foreign  language,  and  much  difficulty 
is  felt  by  pupils  in  the  early  stages 
of  learning.  There  is  a  move  in  all  parts 
of  India  to  reach  the  pupils  in  their 
own  mother-tongue  in  the  high  school 
stages  and  some  universities  are  also 
trying  to  do  the  same.  The  eighteen 
universities  of  India  are  doing  work  of 
a  fairly  high  standard  and  offer  courses 
up  to  the  Ph.D.  There  are  institutes 
of  technology  and  a  few  polytechnics 
offering  courses  in  applied  sciences^ 
The  School  of  Technology  of  the  Uni- 
versity of  Bombay,  and  the  Benares 
Hindu  University  offer  courses  in 
See  MEN  on  Page  50 
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CAIV  YOU  STOP   YOUR   CAR? 

(fJu    IKooett    (—.   f-^eterion 


Since  the  introduction  of  the  motor 
car  ahout  the  beginning  of  the  century 
there  has  been  general  recognition  that 
a  large  proportion  of  automobile  acci- 
dents may  be  prevented  if  there  are 
prompt  and  effective  means  for  slow- 
ing the  moving  car  and  l)ringing  it  to 
a  stop.  During  the  first  six  months  of 
1946.  the  operation  of  motor  vehicles 
in  Illinois  caused  876  deaths;  of  these, 
833,  or  slightly  more  than  95  per  cent, 
were  caused  by  collisions.  The  objects 
collided  with  were  as  follows : 

Pedestrian 369 

Other  motor  vehicle 249 

Railroad  train 88 

Fixed  object 74 

Bicycle 18 

Street  car 11 

Miscellaneous 24 

Many  factors  contribute  to  the  num- 
ber and  seriousness  of  collisions.  Of 
these  factors,  the  one  which  is  the  main 
subject  of  this  short  discussion  is  driv- 
er reaction  time,  and  the  intent  is  to 
emphasize  to  the  driver,  the  pedes- 
trian, the  enforcement  agencies,  the 
highway  engineer,  the  signal  engineer, 
and  others  that  this  matter  must  be 
properly  considered  as  part  of  any  suc- 
cessful program  for  reducing  the  num- 
ber of  deaths  and  the  amount  of  suffer- 
ing now  caused  by  the  man-created  and 
man-controlled  vehicular  menace  on 
our  highways. 

Psychologists  may  analyze  and  clas- 
sify automobile  reaction  times  into  re- 
flex reaction,  simple  reaction,  complex 
reaction,  and  discriminative  reaction. 
For  the  purposes  of  this  article  we  de- 
fine reaction  time  as  the  interval  be- 
tween seeing  or  hearing  a  signal  or 
other  indication  of  danger,  and  the  vis- 
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ible  physical  reaction  which  is  the 
proper  response  to  the  stimulus.  It  is 
obvious  that  the  car  may  travel  many 
times  its  own  length  during  this  short 
interval,  and  that  additional  time  and 
additional  distance  will  be  needed  if 
the  situation  requires  complete  stop- 
ping of  the  car. 

One  method  commonly  employed  to 
measure  reaction  time  and  to  demon- 
strate its  relation  to  time-distance  and 
braking-distance  involves  actual  road 
tests  in  an  automobile.  The  car  is  pro- 
vided with  a  small  detonating  device 
which  makes  a  mark  on  the  pavement 
at  the  instant  when  the  order  to  stop 
is  given.  It  is  simple  and  convincing  to 
measure  the  distance  from  the  point 
where  the  stimulus  was  given  to  the 
final  position  of  the  stopped  car.  Tests 
of  this  kind  bring  to  the  driver  a  real 
recognition  of  the  fact  that  it  takes 
an  appreciable  time  and  perhaps  a  con- 
siderable distance  to  stop  a  car  which 
is  in  motion.  His  actual  participation 
in  the  tests  makes  the  results  apparent 
to  him  more  dramatically  and  more  ef- 
fectively than  would  similar  results  re- 
corded on  a  graph  or  as  numbers  on  a 
card. 

Another  method  for  measuring  reac- 
tion time  involves  the  use  of  indoor 
equipment  of  the  type  shown  in  the 
illustration  on  page  28  of  the  article 
"Safety"  in  the  October,  1946  number 
of  the  Engineer.  The  trainee  is  seated 
in  driving  position  with  hands  on 
wheel  and  foot  on  accelerator,  and  is 
watching  a  signal.  When  the  signal 
changes  to  "stop,"  an  automatic  timing 
device  records  the  time  required  to 
move  the  foot  from  the  accelerator  to 
the  brake  pedal.  Data  for  the  particu- 


lar operator  are  recorded  and  ex- 
plained in  relation  to  traveling  dis- 
tance during  the  reaction  interval, 
stopping  distance  (both  at  various 
speeds)  braking  distances  under  dif- 
ferent conditions  of  the  vehicle  and  of 
the  roadway  surface,  and  other  vari- 
ables. Since  these  tests  are  interesting 
in  themselves,  it  is  important  that  they  I 
shall  not  I)e  given  in  such  a  way  as  to  I 
overemphasize  their  entertainment  or 
competitive  aspects,  and  thus  defeat 
their  serious  purpose. 

Reaction  time  tests  do  not  in  them-  i 
selves  provide  a  means  for  detecting 
poor  drivers.  01)viously,  they  should 
be  used  in  conjunction  with  other  tests 
and  examinations  to  determine  phy- 
sical strength,  vision,  knowledge  of 
driving  rules,  good  driving  habits,  etc.      j 

As  might  be  expected,  reaction  time  I 
varies  from  person  to  person.  More- 
ovei',  in  the  individual  case  it  changes 
with  age,  with  physical  conditions, 
with  mental  state  as  affecting  al)ility 
to  ignore  distractions,  and  with  the 
strength  or  suddeness  of  the  signal  or 
other  stimulus.  It  is  interesting  to  note 
that,  in  general,  older  people  in  spite 
of  their  longer  reaction  time  have  bet- 
ter accident  records  than  younger  driv- 
ers. Presumably  this  is  due  to  season- 
ing or  maturing  after  one's  first  youth 
— the  development  of  a  greater  feeling 
of  resj)onsibility.  This  does  not  at  all 
affect  the  fact  that,  other  things  being 
equal,  short  reaction  time  is  an  advan- 
tage. Programs  for  testing  and  training 
youthful  drivers,  to  the  end  that  they 
may  acquire  skill  and  judgment  to 
supplement  their  favorable  situation 

See  SAFETY  on  Page  .U 
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POWER 

CONFERENCE 


March  31,  April  1-2,  1947,  Palmer  House,  Chicago 


The  1947  meeting  of  the  Midwest 
Power  Conferenc  will  be  held  at  its 
regular  headquarters,  the  Palmer 
House,  Chicago,  on  Monday,  Tuesday, 
and  Wednesday,  March  31,  April  1-2. 
This  is  the  ninth  annual  meeting  of  the 
conference  to  be  held  since  its  reorgan- 
ization in  1938  at  which  time  the  re- 
sponsibility and  sponsorship  of  the 
conference  was  centered  in  Illinois  In- 
stitute of  Technology.  Cooperating 
with  the  Institute  in  the  operation  of 
the  conference  are  the  following  uni- 
versities and  engineering  societies: 
Iowa  State  College;  Michigan  State 
College;  Northwestern  University; 
Purdue  University;  State  University  of 
Iowa;  Universities  of  Illinois,  Mich- 
igan, Minnesota,  and  Wisconsin;  the 
Chicago  Sections  of  the  A.I.Ch.E., 
A.I.E.E.,  A.I.M.E.,  and  A.S.M.E.;  the 
Illinois  Section,  A.S.C.E.;  the  Illinois 
Chapter.  A.S.H.V.E.;  the  Western  So- 
ciety of  Engineers;  and  the  Engineers' 
Society  of  Milwaukee. 

The  preliminai7  program  of  the 
1947  meeting  is  being  formulated  by 
Stanton  E.  Winston,  conference  di- 
rector, with  the  collaboration  of  the 
conference  representatives  of  the  co- 
operating universities,  and  the  follow- 
ing members  of  the  staff  of  the  Insti- 
tute: Professor  William  Goodman,  Dr. 
W.  A.  Lewis,  Dr.  L.  T.  Rader,  and  Dr. 
J.  T.  Rettaliata.  In  keeping  with  those 
of  the  past,  the  program  will  contain 
material  relating  to  many  of  the  fields 
of  power,  and  lience  be  diversified  in 
character.  In  addition  to  the  Opening 
Session,  it  is  anticipated  that  the  pro- 


gram will  include  sessions  on  Central 
Station  Practice,  Developments  in 
Heating  and  Air  Conditioning,  Feed- 
water  Treatment,  Developments  and 
Problems  in  the  Electrical  Field,  Fuels 
and  Combustion,  Power  Plant  Equip- 
ment, Hydro-Power,  the  Gas  Turbine, 
Industrial  Electronics,  Locomotive 
Power  LTnits,  Diesel  Power,  and  In- 
dustrial Power  Plants.  Joint  luncheons 
with  the  Chicago  Section  of  the 
A.S.M.E.,  the  Chicago  Section  of  the 
A.I.E.E.,  and  the  Western  Society  of 
Engineers  are  being  arranged  for  Mon- 
day, March  31,  Tuesday,  April  1,  and 
Wednesday,  April  2,  respectively. 
Each  of  these  societies  is  also  sponsor- 
ing and  arranging  a  session  of  the  con- 
ference program.  The  main  event  of 
the  program,  the  All  Engineers  Din- 
ner, is  scheduled  to  be  held  on  the 
evening  of  Tuesday,  April  1. 

The  preliminary  program  will  be 
ready  for  distribution  early  in  Feb- 
ruary, and  will  l)e  printed  in  full  in 
the  March  issue  of  this  magazine. 

Evervone  interested  in  the  field  of 
power  and  in  the  Nation's  power  prob- 
lems is  cordiaDy  invited  to  the  con- 
ference. You  should  not  miss  this  na- 
tional power  forum,  a  three-day  con- 
ference chuck-full  of  power.  Place  the 
date  on  your  calendar  now. 

All  inquiries  with  respect  to  the  con- 
ference may  be  addressed  to  Dr.  Edwin 
R.  Whitehead,  Conference  Secretary, 
c/o  Illinois  Institute  of  Technology, 
Chicago  16.  Secure  your  hotel  reserva- 
tions at  an  early  date. 


SOMETHING     NEW 
IN    AIR    CIRCULATION 


This     illustrates     a 

24"  diameter  high 
stand  model.  It  is 
6  ft.  high  adjust- 
able to  8  ft.  Can 
also  be  supplied  in 
table  and  ceiling 
models. 


CIRCULATORS 

These  air  circulators  blow  up- 
wards, the  air  traveling  along  the 
ceiling,  down  the  walls  and  up  the 
center  again  providing  gentle  and 
complete  air  movement  of  air  in  all 
parts  of  a  room.  This  provides  more 
efficient  body  cooling  than  is  pos- 
sible with  old  style  horizontal  blow- 
ing fans.  Furthermore  there  is  no 
draft  to  cause  colds  and  sore  throats. 
Neither  does  the  RECO  blow  pa- 
pers or  other  light  material  about. 

HAS   YEAR   AROUND    USE 

In  the  winter  the  RECO,  when 
operated  at  slow  speed,  because  it 
blows  upwards,  forces  down  the  hot 
moist  air  which  is  trapped  at  the 
ceiling,  and  intermixes  it  with  all  of 
the  air  in  the  room,  providing  uni- 
form temperature  and  humidity, 
avoiding  air  stratification  and  cold 
floors.  It  also  quickly  dissipates 
smoke,  gases  and  odors. 

We  also  build  special  fans  for  re- 
frigerated spaces  and  processing 
rooms. 

Write  for  free  descriptive  litera- 
ture. 

2625  W.  Congress  St. 
Chicago    12,    III. 
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AS  AN  ENGINEER  you'll  find  it  helpful  to  be  familiar 
with  flexible  shafts  and  their  possibilities.  BULLETIN  4501 
will  give  you  basic  facts  and  technical  data.  A  free  copy 
is  yours  for  the  asking.  Please  mention  your  college  and 
course  when  you  write. 


To  paraphrase  a  popular  old  ditty— another  little  quiz  won't  do 
you  any  harm.  So,  take  a  few  minutes  and  test  your  knowledge 
of  flexible  shafts.  Below  are  some  basic  questions.  Cover  up  the 
answers  and  see  what  you  can  do  with  them. 

WHAT  ARE 

FLEXIBLE 

SHAFTS? 

Flexible   shofts   ore   basic   mechanical   elements 
designed  and   mode  for  transmitting  rotational 
power  around  turns  and  in  other  cases  where  a 
solid  shaft  can't  be  used.  They  are  built  up  prac- 
tically solid  of  layers  of  strong  wire,  wound  in  a 
way  that  produces  strength  with  flexibility. 

ARE  ALL 
FLEXIBLE 
SHAFTS 
ALIKE? 

Far  from  it.  They  come  in  two  classes-  1.  for 
Power  Drives  -  2.  for  Remote  Controls.  Construc- 
tion of  the  two  classes  is  similar,  but  shafts  differ 
in  flexibility,  torsional  strength,  torsional  deflec- 
tion and  other  characteristics  to  meet  the  require- 
ments of  their  respective  fields. 

HOW  BIG  DO 
FLEXIBLE 
SHAFTS  COME? 

Power  drive  shafts  come  in  diameters  from  .045" 
to  .750".  Remote  control  shafts  from  .130"  to  .437" 

WHAT 

ADVANTAGES 
DO  FLEXIBLE 
SHAFTS  OFFER? 

Flexible  shafts  reduce  to  a   single  element  the 
number  of  parts  required  to  transmit  power  or 
remote    control    between    practically    any    two 
points.   This   eliminates   gearing    and    simplifies 
manufacturing  and   lowers  costs.  Also,  flexible 
shafts  make  possible  better  designs  because  they 
permit  connected  members  to  be  placed  wher- 
ever desirable  to  save  space  and  to  facilitate 
assembly,  operation  and  servicing. 

ARE 

FLEXIBLE 
SHAFTS 
RELIABLE? 

For  many  years  S.  S.  White  flexible  shafts,  to  the 
extent  of  millions  of  feet  annually,  have  been 
serving  in  a  wide  variety  of  applications  in  air- 
craft, automobiles,  radios,  machine  and  portable 
tools,  and  a  long  list  of  other  products.  This  is 
the  best  proof  of  their  reliability. 

/ — ^^^^,^ 
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THE  SCHOOLMASTER 

Propaganda.  Hayakawa,  in  Lan- 
guage In  Action,  writes  of  "snarl- 
words"  and  "purr-words."  "Propa- 
ganda" seems  to  most  of  us  to  be  a 
snarl-word:  if  not  quite  that,  it  indi- 
cates at  least  that  we  are  lookinj!;  down 
our  noses.  Notliin^i;  written  here  will 
change  the  common  usage.  The  word 
will  continue  to  indicate  hiased  argu- 
ment, slanted  reports,  and  suggestions 
intended  to  influence  our  opinions  and 
our  actions  in  a  direction  which  is 
pro])al)lv  not  good  for  us  or  the  com- 
munity, hut  which  is  desired  iiy  tlie 
jnopagandist  in  his  own  interest  or 
the  interest  of  his  group.  In  its  deriva- 
tion, the  word  has  no  unfavorable 
suggestions,  hut  of  course  it  means 
now  what  we  agree  that  it  shall  mean. 
That  is  an  over-simplification,  hut  the 
Schoolmaster  has  neither  the  time  nor 
the  other  qualifications  for  adequate 
semantic  discussion. 

Just  for  fun,  let's  sec  if  we  can  justify 
propaganda  for  proj)aganda.  Immedi- 
ately we  are  in  trouble,  because  the 
word  has  become  spoiled.  But  "propa- 
gate," in  several  senses,  is  not  a  snarl- 
word.  We  may  propagate  the  prin- 
ciples of  religion,  ethics,  democracy, 
industry,  thrift,  or  good  manners;  or 
we  may  propagate  wrong-doing,  tyran- 
ny, cruelty,  crudity,  or  carelessness. 
We  at  the  Institute  are  a  community 
of  several  thousand  people.  Let's  pre- 
tend for  the  moment  that  "propa- 
ganda" is  a  purr-word.  (After  all,  the 
ancient  College  of  Propaganda  is  for 
propagation  of  the  faith.)  And  with- 
out any  sanctimonious  attitude,  and 
without  raising  questions  of  "my- 
doxy"  and  "your-doxy"  is  not  propa- 
ganda a  part  of  the  job  for  most  of  us? 
What  al)out  the  honor  system'?  It  is 
a  good  plan,  and  on  the  whole  it  seems 
to  be  better  than  other  systems  in  pro- 
tecting the  square-shooter  against  the 
chiseler.  What  about  a  little  more 
propaganda  for  the  honor  system? 
Pending  the  completion  of  more  of 
our  new  buildings,  we  are  uncomfort- 
ablv  crowded.  Courtesy  and  a  reason- 
able degree  of  quiet,  especially  in  the 
intervals  between  classes,  adds  greatly 
See  SCHOOLMASTER  on  Page  52 
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CORROSION 

(Continued  from  page  11) 

crease  and  as  the  concentrations  of 
products  decrease.  Applied  to  the  case 
of  the  galvanic  cell,  this  means  that 
the  voltage  of  the  cell  will  increase 
as  the  concentrations  of  reactants  in- 
crease atid  the  concentrations  of  prod- 
ucts decrease.  Any  electrode  l)ecomes 
less  anodic  as  the  concentrations  of  the 
products  of  the  electrode  reaction  are 
increased  and  as  the  concentrations 
of  the  reactants  are  decreased. 

It    is    always    important    to    know 
whether    a    specific    metal   can    react 
spontaneously  with  a  specific  environ- 
ment.  For   example,   for   many   years 
much  time  was  spent  in  debating  the 
question,  "Can   pure   iron   react   with 
pure  water  if  oxygen  is  absent  from 
the  system?"  Today  it  is  possible  to 
answer  such  questions  with  reasonable 
certainty  in  most  cases  Ijecause  data 
usually   are   available   that   permit   a 
calculation  of  the  change  in  free  en- 
ergy accompanying  the  proposed  re- 
action. As  has  been  indicated,  the  re- 
versible electromotive  force  or  driving 
force  of  the  corresponding  corrosion 
couple  may   be   calculated  from   the 
energy  change.  If  the  calculated  volt- 
age is  positive,  the  proposed  reaction 
can  occur;  if  it  is  negative,  the  cor- 
rosion  reaction   is   impossible   under 
the  conditions  postulated.  It  is  instruc- 
tive to  consider  the  results  for  a  num- 
ber of  common  metals  on  the  assump- 
tion that  they  corrode  to  form  solid 
corrosion  products  in  two  of  the  most 
common    environments,    namely,    in 
water  with  oxygen  absent,  and  in  water 
saturated  with  air  (assuming  air  con- 
tains 21  percent  oxygen,  that  is,  the 
partial  pressure  of  oxygen   equal  to 
0.21  atmospheres).  If  a  metal  corrodes 
in  oxygen-free  water,  hydrogen  must 
be   displaced;    therefore   this  type   of 
corrosion  is  referred  to  as  "hydrogen 
type".  Corrosion  in  water  in  the  pres- 
ence of  oxygen  is  called  "oxygen  type". 
Calculations-  show  that  magnesium, 
aluminum,    manganese,    chromium, 
zinc,  and  iron  can  corrode  to  form  a 
solid  corrosion  product   (water  is  sat- 
urated with  the  oxide  or  hydroxide) 


rner,    "Thermodynamics    of    Corrosion    1 
,   Eleclrochem.   Soc.    Vol    83.    319.    1943. 


even  in  the  absence  of  oxygen.  Iron  can 
corrode  in  oxygen-free  water  to  form 
ferrous  hydroxide  or  to  form  mag- 
netite, Fe304,  but  cannot  form  ferric 
hydroxide.  Cadmium,  cobalt,  nickel, 
lead,  copper,  mercury,  and  silver  can- 
not corrode  in  oxygen-free  water,  but 
all  of  tlie  al)ove  metals,  extensively 
used  in  industry,  can  corrode  spon- 
taneously in  water  saturated  with  air. 
This  fact  emphasizes  one  important 
aspect  of  the  whole  corrosion  proli- 
lem;  namely,  since  the  corrosion  of 
almost  every  metal  in  the  presence  of 
water  containing  oxygen  is  spon- 
taneous, the  real  problem  is  one  of 
understanding  the  factors  that  control 
the  rate  of  discharge  of  the  galvanic 
corrosion  couples  so  that  steps  may  l)c 
taken  when  possiljle  to  decrease  the 
corrosion  rate. 

Some  Causes  Of 
Corrosion  Reactions 

The  causes  of  corrosion  reactions  of 
the  electrochemical  type  are  all  factors 
which  lead  to  differences  of  potential 
between  two  metals  or  between  two  or 
more  points  on  the  same  metal.  A  num- 
l)er  of  these  factors,^  responsible  for 
potentials  which  in  turn  lead  to  cor- 
rosion, are  taken  up  in  the  following 
paragraphs. 

NATURE  OF  THE  METAL  ITSELF 

Let  US  consider  first,  the  potential 
differences  associated  with  the  metal 
itself.  The  appearance  of  specimens 
suffering  electrochemical  corrosion 
suggests  at  once  that  the  attacked  areas 
differed  from  the  unattacked  areas. 
Actually,  none  of  the  commercial 
metals  or  alloys  are  entirly  homog- 
enous, so  that  small  particles  of  other 
phases  may  often  be  detected  upon 
microscopic  examination.  In  some  al- 
loys two  or  more  phases  are  often  de- 
sired in  order  that  certain  physical 
properties  will  be  obtained.  If  the  vari- 
ous phases  can  be  identified  by  chem- 
ical, spectographic.  X-ray  or  electron 
diffraction  means,  the  solution  poten- 
tials of  larger  pieces  of  these  phases 
can  be  measured  in  the  solutions  under 


3  R.   B.   Mears  and    R.   H.  Brown,  "Causes  of  Co 
Cuixenls,"  Ind.   and  Ens-  Chem..   33.   1001,   1941. 
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consideration  against  a  standard  ref- 
erence electrode  such  as  the  0.1  normal 
calomel  cell.  It  is  also  possible,  by 
means  of  a  moistened  filler,  to  measure 
the  solution  potential  of  the  separate 
phases  directly  in  tlie  experimental 
specimen. 

Practically  all  metal  parts  of  a  size 
which  is  commercially  important  are 
made  up  of  a  multitude  of  individual 
grains  or  crystals.  It  is  clear  that  the 
lioundary  between  any  two  grains  is 
a  region  which  is  definitely  hetero- 
geneous compared  with  the  body  of  the 
grain.  Not  only  does  the  orientation 
of  atoms  in  adjacent  grains  differ,  liut 
also  small  particles  of  separate  phases 
usually  precipitate  out  of  solid  solu- 
tion selectively  at  the  grain  boun- 
daries. In  those  cases  where  the  grain 
])our»daries  are  anodic  to  the  grain 
centers,  attack  will  be  of  an  inter- 
granular  nature;  whereas  in  cases 
where  the  grain  boundaries  are  cath- 
odic  to  the  grain  centers,  the  grain 
centers  will  lie  selectively  attacked  and 
the  grain  lioundaries  will  stand  out  in 
relief,  resulting  in  an  attack  of  a 
granular  nature. 

Grains  oriented  in  different  direc- 
tions would  be  expected  to  have  dif- 
ferent solution  potentials.  Also,  a  fine- 
grained specimen  of  a  given  metal  con- 
tains a  higher  internal  energy  than 
does  a  similar  coarse-grained  speci- 
men, and  for  this  reason  it  would  be 
expected  to  exhibit  a  different  solution 
potential. 

If  one  portion  of  a  metal  surface 
has  been  subjected  to  a  different 
thermal  treatment  from  that  on  other 
parts  of  the  surface,  differences  in  po- 
tential between  the  two  regions  may 
occur.  Under  service  conditions  the 
heat  of  welding  is  likely  to  cause  some 
inhomogeneities.  In  this  case  it  is  not 
generally  the  weld  bead  which  is 
anodic,  if  the  weld  wire  used  was  of 
the  same  alloy  as  the  material  being 
welded,  but  usually  a  zone  on  either 
side  of  the  weld  where  the  metal  was 
heated  and  cooled  at  some  optimum 
rate  which  would  throw  cathodic  im- 
purities out  of  solid  solution.  When- 
ever local  heating  results  in  changing 
the  nature  of  the  phases  present,  or 
their  compositions,  difference  in  po- 
tential will  probably  occur. 
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NATURE  OF  THE  METAL  SURFACE 

Potential  differences  associated  with 
the  metal  surface  will  now  be  taken  up. 
Higlily  polished  metal  surfaces  may 
exhibit  different  solution  potentials 
from  those  of  rough  aliraded  surfaces. 
Probaljly  one  reason  is  that  any  film 
which  forms  on  a  rough  surface  will 
be  much  less  continuous  than  a  film 
formed  on  a  smooth  surface.  Potential 
differences  caused  l)y  local  scratches 
or  abrasions  are  related  to  those  just 
discussed.  Such  potential  differences 
are  among  the  most  important  causes 
which  determine  the  sites  of  local  at- 
tack. As  might  be  expected,  the  effect 
of  scratches  in  determining  sites  of 
attack  is  most  pronounced  in  environ- 
ments where  the  metal  in  question 
forms  adherent  and  protective  films  of 
corrosion  product.  Obviously,  if  the 
entire  metal  surface  is  attacked  and 
the  corrosion  products  which  are 
formed  are  soluble,  scratches  may  not 
be  points  of  special  weakness.  There- 
fore, this  phenomenon  is  most  in  evi- 
dence when  the  metal  in  question  re- 
sists attack  by  fonning  a  protective 
layer. 

Cut  edges  are  also  sites  of  special 
weakness  under  many  exposure  con- 
ditions. Several  factors  contriljute.  In 
the  first  place,  because  of  geometrical 
considerations,  it  is  generally  more 
difficult  for  a  continuous  protective 
film  to  ])uild  up  over  the  edges.  Often 
the  edges  are  rough  and  uneven,  and 
there  are  ragged  and  torn  metal  frag- 
ments which  have  a  large  ratio  of  sur- 
face area  to  volume.  In  addition,  if 
the  material  was  sheared,  the  edges 
have  been  sul)jected  to  severe  cold 
working  which  mav  also  cause  them 
to  be  more  readily  attacked  in  certain 
environments.  It  is  important  to  em- 
phasize, however,  that  cold  working 
does  not  always  produce  special  sus- 
ceptibility to  attack;  in  fact,  cold 
worked  materials  may  actually  prove 
more  resistant  than  annealed  materials 
in  certain  cases.  Thus,  it  is  not  possible 
to  predict  with  certainty  whether  or 
not  the  edges  or  center  of  the  sijccimen 
will  be  more  susceptible.  However,  it 
is  a  general  rule  that  the  edges  will 
proliably  behave  differently  from  the 
center. 


The  shape  of  the  specimen  may 
sometimes  he  of  controlling  import- 
ance, as  might  be  inferred  from  the 
preceding  paragraph.  Convex  surfaces 
generally  show  lower  hydrogen  over- 
voltages  than  concave  surfaces  and  so 
may  develop  different  solution  po- 
tentials. It  has  lieen  shown  that  wires 
of  small  diameter  corrode  more  rapid- 
ly than  wires  of  larger  diameter. 

In  the  section  on  cut  edges,  it  was 
mentioned  that  strain  hardening  may 
contribute  to  special  edge  attack.  Such 
behavior  may  not  be  confined  to 
edges.  Any  portion  of  a  specimen  sub- 
jected to  plastic  deformation  may  have 
a  different  solution  potential  from  a 
similar  specimen  which  has  not  been 
deformed. 

If  a  portion  of  a  metal  surface  is  ex- 
posed to  some  environment  which  dif- 
fers from  that  to  which  adjacent  areas 
of  the  surface  are  exposed  and  then 
subsequently  the  entire  surface  is  ex- 
posed to  a  uniform  environment,  cor- 
rosion currents  may  flow  between  these 
areas.  Suppose  that  a  drop  of  hydro- 
chloric acid  falls  on  a  metal  surface. 
At  the  local  area  in  contact  with  the 
acid  the  natural  protective  layer  may 
1)6  broken  dowji.  When  the  entire 
specimen  is  subsequently  exposed  to  a 
salt  solution,  attack  may  be  confined 
solely  to  the  small  area  which  had 
previously  contacted  the  acid. 

Conversely,  a  portion  of  the  metal 
surface  may  be  exposed  to  air,  oxygen, 
Ijoiling  water,  or  some  environment 
which  causes  the  formation  of  a  pro- 
tective film.  On  subsequent  exposure 
to  salt  solution,  a  substantial  potential 
difference  may  be  set  up  between  the 
film-free  and  the  film-coated  regions 
which  will  result  in  special  attack. 

NATURE   OF   THE   IMMEDIATE 
ENVIRONMENT 

In  addition  to  corrosion  currents  set 
up  by  heterogeneities  in  the  metal  it- 
self or  on  its  surface,  heterogeneities 
in  the  corroding  environment  may  also 
be  important.  Heterogeneities  which 
have  probably  caused  the  greatest  dif- 
ficulty under  service  conditions  are 
those  which  result  from  differences  in 
concentration  in  different  portions  of 
the  corroding  liquid. 

When   one  metal   specimen   is   im- 


mersed in  a  salt  solution  of  a  given 
concentration  and  another  similar 
specimen  is  immersed  in  a  salt  solution 
of  a  different  concentration,  the  solu- 
tion potentials  of  the  two  specimens 
will  generally  differ.  This  means  that 
if  different  portions  of  the  same  speci- 
mens are  exposed  to  different  con- 
centrations of  salt  solution,  corrosion 
currents  will  probably  flow  between 
these  areas. 

If  different  amounts  of  oxygen  are 
dissolved  in  different  portions  of  the 
liquid  which  are  in  contact  with  a 
metal  surface,  special  attack  is  likely 
to  occur  at  those  areas  in  contact  with 
the  liquid  of  lowest  oxygen  concen- 
tration. There  are  some  exceptions  to 
this  rule;  for  example,  with  copper, 
the  aerated  specimen  is  anodic.  This 
'"differential  aeration  effect,"  which  is 
similar  to  the  differential  concentra- 
tion cells  just  discussed,  is  of  great 
practical  importance.  Thus,  if  some 
inert  absorptive  mass  is  pressed 
against  a  portion  of  a  metal  surface 
which  is  immersed  in  an  aqueous  solu- 
tion, less  oxygen  can  diffuse  to  the 
screened  portion.  As  a  result,  corrosion 
currents  are  set  up  between  the 
screened  and  the  unscreened  areas. 
This  may  result  in  extremely  rapid 
local  attack. 

In  certain  service  exposures,  one 
portion  of  a  metal  surface  may  contact 
liquid  at  one  temperature  while  an- 
other portion  of  the  same  surface  con- 
tacts liquid  at  another  temperature. 
As  might  be  imagined,  such  differen- 
tial heating  can  cause  corrosion  cur- 
rents, since  the  different  metal  areas 
develop  different  solution  potentials. 
In  general,  tlie  specimen  in  the  hot 
solution  is  anodic. 

Local  illumination  of  some  portion 
of  a  metal  specimen  which  is  im- 
mersed in  a  solution  can  cause  the  il- 
luminated portion  to  exhibit  a  dif- 
ferent solution  potential  from  that  of 
the  adjacent  unilluminated  areas.  The 
illuminated  surfaces  generally  have 
been  reported  as  being  cathodic — a 
result  which  has  not  been  satisfac- 
torily explained  to  date.  The  presence 
of  some  dissolved  oxygen  in  the  solu- 
tion increases  the  action  of  the  light. 
Evidently  the  effect  is  not  the  result 

(Continued  on  page  32) 


30 


ILLINOIS  TECH   ENGINEER 


r 


Tf^a    AIA^CH    OF    SCfSAfCS 


0 


ARK  A  LOG  BETTER 
AND  you  GET  MORE 
PAPER.. FINER  PAPER ! 


OF  ALL 
PAPER  15  MAPE 
FROM  WOOP! 


;est  wood  pulp 

FOR  PAPER  COtslTAINS 
NO  BATiK,  NO  PIRT. 
HANP  BARKING  ANP 
CLEANING  IS  SLOW,  COSTLY,   O^iT  OF  THE  QUESTION 
FROM  A  PROPUCTION  STANPPOINT 


0NV€NT10NAL  PRUM  BA1?K£R  SOLVES 
THE  PROOUCriON  PROBLEM  BUT 

INVOLVES  HUGE  MACHINERY... 

1^ WASTES  VALUABLE  WOOP 
FIBRE 


PB/'ecopEP  er AC  sc/SA/nsTsf 

'CARCIT/  OF  MANPOWER  ANP  RAW 
A1ATERIALS  /MAPE  BETTER  BARKING 
IMPERATIVE.  A-C  HAP  BEEN  USIN6 
WATEIi  UNDER  HI6H  PRESSURE  FOR 
CLEANIN6  CASTINGS.    SIMILARLY, 
COULPNT  LOGS  BE  BARkEPANPaEAN- 
EP  HYPRAULICALLY?  THE  STREAMBAUKEI^ 
WAS  BORN.  SCIENTIFICALLY  CONTROL- 
LED JETS  OF  WATER  REMOVE  BARK  ANP 
PIRT  BY  EROSIVE  ACTION  AS  LOGS  ARE 
REVOLVEP  ANP  PROPELLED  THROUGH  THE 
BARKER,  RESULTS -IMPORTANT  WOOP 

TH.  STREAM8ARK^R..BOR^.  OFSCieNT.F.C  R^SEARSh^        '  CONSERVATION.. MORE  ANP  F/NER 

ANP  SKILLED  ENGINEERING  IS  TYPICAL  OF  PAILY  PROGRESS  PAPER  FOR   MR.E,MRS.  AMERICA, 

BEING  MAPE  ON  MANY  OF  THE  /600  DIFFERENT  PROPyCTS  AUIS-CHALMERS 

BuiLPS  FOR  INDUSTRY  TO  SERVE  THE  WORLD- ALLIS-CHALMERS,  MILWAUKEE,  WISCONSIN 

ALLIS  %  CHALMERS 

ONB  OF  THE   BIG  3  IN  ELECm/C  POlVEK  EQU/PMENT 
— —  BlGGESr  OF  ALL  /A/  KANBE  OF  /NPUSTfi/AL  PKOOUCTS       


DECEMBER,   1946 


31 


(Continued  from  page  30) 

of  local  heating  at  the  illuminated  sur- 
face, since,  as  discussed  ahove,  the 
heated  surface  would  hecome  anodic. 
Potential  differences  of  the  order  of 
0.1  volt  have  heen  reported  as  result- 
ing  from  differential  illumination,  and 
the  effect  has  l)cen  noted  for  alumi- 
num, copper,  lead,  zinc,  and  several 
other  metals.  Potentials  of  this  order 
of  magnitude  are  quite  sufficient  to 
cause  severe  corrosion  when  main- 
tained for  an  appreciable  length  of 
time. 

Stirring  the  liquid  in  the  vicinity 
of  a  portion  of  a  metal  surface  more 
violently  than  the  liquid  near  other 
portions  is  stirred  can  cause  corrosion 
currents.  This  effect,  known  as  the 
nioto-electric  effect,  is  especially 
troublesome  in  ships,  propellor  blades, 
and  in  pump  impellers.  If  the  stirred 
liquid  is  under  an  air  or  oxygen  at- 
mosphere, differential  aeration  effects 
will  also  conic  into  plav.  since  agita- 
tion of  the  liquid  will  bring  more  oxy- 
gen into  contact  with  the  metal  in 
a  given  length  of  time  than  if  the 
liquid  is  not  agitated.  The  moto- 
electric  effect  may  be  due  to  the  re- 
moval of  ions  in  the  saturated  layer 
next  to  the  anodic  area  and  the  con- 
sequent attempt  on  the  part  of  the  sys- 
tem to  maintain  equilibrium  between 
the  corroding  metal  and  the  solution. 

For  copper,  the  specimen  in  contact 
with  the  stirred  solution  is  anodic  to 
the  specimen  in  contact  with  the 
quiescent  solution.  For  iron  and  alumi- 
num the  reverse  is  true.  Apparently 
the  differential  aeration  effect  inci- 
dental to  agitation  in  air  is  more  im- 
portant for  the  latter  metals,  while  for 
copper  the  removal  of  dissolved  cop- 
per ions  from  the  liquid  laver  adjacent 
to  the  metal  surface  causes  the  speci- 
men in  the  stirred  liquid  to  be  anodic 
to  the  other. 

Corrosion  currents  of  sulistantial 
magnitude  may  be  caused  by  contact 
between  different  metals  (galvanic 
corrosion).  It  is  important  to  stress, 
however,  that  the  electromotive  force 
series  is  not  dependable  as  a  basis  for 
predicting  which  metal  of  a  couple 
will  suffer  galvanic  attack  when 
coupled  to  a  different  metal  and  ex- 


posed to  a  solution.  The  reason  is  that 
the  solution  potentials  of  the  different 
metals  change  as  the  solution  in  which 
they  are  exposed  is  changed.  Thus,  in 
order  to  be  certain  whether  or  not 
contact  between  metals  A  and  B  will 
result  in  galvanic  attack  of  metal  A, 
it  is  necessary  to  measure  the  poten- 
tials of  these  metals  in  the  particular 
solution  under  consideration.  How- 
ever, in  most  neutral  tap  waters  or 
salt  solutions,  especiallv  if  these  solu- 
tions contain  some  chlorides,  the  be- 
havior of  the  various  metals  can  be 
predicted  fairly  accurately  from  their 
solution  potentials  measured  in  a 
sodium  chloride  solution. 

The  potential  difference  between 
the  two  metals  is  a  measure  of  the 
driving  force  tending  to  cause  cor- 
rosion currents,  but  the  magnitude  of 
these  currents  is  the  only  true  measure 
of  the  velocity  of  chemical  attack. 
High  currents  are  not  necessarily  asso- 
ciated with  large  differences  in  solu- 
tion potential  because  of  film  forma- 
tion or  other  polarization  effects  at  the 
metal  surfaces. 

Another  factor  influencing  the  mag- 
nitudes of  galvanic  currents  is  the 
relative  area  of  the  two  specimens 
composing  the  couple.  A  large  surface 
area  for  the  cathodic  metal  will  re- 
sult in  a  higher  current  density,  and 
consequentlv  a  higher  corrosion  rate, 
on  the  metal  which  is  being  attacked 
than  if  the  surface  area  of  the  cathodic 
metal  were  very  small.  Thus  it  is  gen- 
erally safer  to  use  rivets  of  a  cathodic 
metal  or  alloy  in  a  structure  which  is 
anodic  to  them  rather  than  the  reverse. 

Another  type  of  corrosion  cell  close- 
ly related  to  that  discussed  above  is 
formed  when  a  metal  specimen  is  ex- 
posed to  a  liquid  containing  reducible 
ions  of  a  more  cathodic  metal.  Thus, 
if  a  platinum  salt  is  added  to  dilute 
hydrochloric  acid,  the  resulting  solu- 
tion is  much  more  corrosive  to  zinc 
than  is  a  hydrochloric  acid  solution 
of  the  same  concentration  but  not  con- 
taining any  platinum.  Additions  of 
salts  of  other  cathodic  metals  (nickel, 
gold,  cobalt,  copper,  bismuth,  anti- 
mony, silver,  and  iron)  are  also  ef- 
fective in  stimulating  attack.  Under 
these  conditions  the  various  cathodic 
metal  salts  are  reduced,  and  particles 


of  the  cathodic  metals  are  deposited 
on  the  zinc  surface  and  hence  create 
a  multiude  of  tiny  galvanic  cells. 

EFFECT    OF    EXTERNALLY   GENERATED 
POTENTIALS 

Currents  caused  by  externally  gen- 
erated potentials  are  responsible  for 
certain  severe  cases  of  corrosion.  Prob- 
ablv  underground  structures  are  those 
which  suffer  most  from  attack  from 
this  source.  However,  such  cases  are 
now  becoming  less  prevalent,  since 
thev  were  often  associated  with  stray 
currents  from  the  track  returns  of 
street  railway  systems.  Pipe  lines  or 
lead-sheathed  telephone  or  electric 
cables  paralleling  electric  railway 
tracks  often  served  as  conductors  for 
some  of  the  return  current.  In  the  case 
of  steel  pipe  lines,  regions  of  the  pipe 
which  receive  current  flow  from  the 
surrounding  soil  are  not  attacked,  but 
at  points  where  this  current  leaves  the 
pipe  to  return  to  the  track,  severe  elec- 
trolytic attack  may  occur.  Since  stray 
currents  of  this  type  may  be  of  much 
greater  magnitude  than  the  currents 
generated  locally  on  a  metallic  struc- 
ture, corrosion  from  this  cause  can  be 
extremely  rapid. 

While  the  regions  of  steel  struc- 
tures which  receive  current  flow  from 
the  soil  do  not  corrode,  this  is  not  al- 
ways true  in  the  case  of  structures 
made  of  amphoteric  metals,  such  as 
lead,  zinc,  and  aluminum.  For  the 
latter  metals  current  densities  in  ex- 
cess of  certain  amounts  may  cause 
special  attack  of  the  cathodic  metal 
areas,  since  the  soil,  or  solution,  ad- 
jacent to  such  regions  may  become 
definitely  alkaline.  Such  cathodic  cor- 
rosion of  lead  cable  sheath  has  given 
trouble  in  several  instances. 

The  discussion  has  been  confined 
to  the  effects  of  direct  currents.  How- 
ever, alternating  currents  can  also 
cause  electrolytic  attack,  at  least  in 
some  cases.  A  few  metallic  oxides  allow 
current  to  pass  more  readily  in  one 
direction  through  the  oxide-metal 
layer  than  in  the  reverse  way;  for  ex- 
ample, with  copper,  current  flows 
more  readily  from   the  copper-oxide 

(Continued  on  page  34) 
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Photomicrograph  of  a  snowflake 


Because  photography  magnifies . . . 


Before  this  young  girl  could  examine 
this  snowflake,  photography  had  to 
do  a  twofold  job.  It  had  to  record  the 
snowflake . . .  quickly,  exactly . . . before 
it  melted.  It  had  to  enlarge  this  image 
360  times  ...  so  that  every  detail 
would  stand  out  clearly  and  sharply. 

A  unique  ability  .  .  .  this.  And  be- 
■r'ause  of  it,  business  and  industry  ha\  e 
come  to  depend  more  and  more  upon 
photography  to  make  the  transient 
lasting  .  .  .  the  invisible  visible.  They 
depend  upon  . . . 

Document  copying  ...  to  make  big, 
accurate  "blow-ups"  of  records, 
drawings,  layouts. 

Recordak  ...  to  enlarge  microfilm 
images  back  to  original  size. 


Photomicrography  ...  to  enlarge 
specimens— such  as  oils,  fibers, 
metals— up  to  5000  diameters. 

Electron  micrography  ...  to  magnify 
particles  200,000  times— far  be- 
yond the  limits  of  visible  light. 

Microradiography  ...  to  probe  the 
third  dimension  by  magnifying 
microstructures  in  depth. 

Ultra-speed  photography  ...  to  study 
action  too  fast  for  the  eye  to  fol-' 
low,  by  "time,  magnification." 

For  an  introduction  to  appBcationst 
that  bring  you  the  benefits  of  this 
unique  ability,  write  for  free  booklet 
—  "Functional  Photography." 

EASTMAN  KODAK  COMPANY 
Rochester  4,  N.  Y. 


Functional  Photography 

:, . .  is  advancing  business  and  industrial  technics 


EVEN   TODAY.. 

.  .  .  you  can  obtain  special  wood  products  in  large  or  small 
quantities  without  priorities  quickly  at  Schenk  Lumber  Co. 

EVEN    TODAY.. 

.  .  .  you  can  get  nearly  any  type  of  lumber  in  nearly  every 
size  at  Schenk  Lumber  Co.  without  priorities. 

EVEN    TODAY.. 

.  .  .  your  order  or  inquiry  will  receive  courteous,  prompt 
attention  at  Schenk  Lumber  Co. 

TODAY,   AS    ALWAYS.. 

.  .  .  you  can  get  insulation  of  all  types,  roofing,  wallboard, 
and  many  other  products  in  unlimited  quantities  at  Schenk 
Lumber  Co. 

lust  call  the  lumber  number.   Hemlock   3300 
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SKIDS . .  PALLETS . .  CABINETS . .  TRAYS . .  CRATES . .  FRAMES . .  BOXES . .  SPECIAL  SHAPES 
FURNITURE  .  .  WOOD   FIXTURES  .  .  FULL  LINE  OF  LUMBER  AND  BUILDING  MATERIALS 

Specialists  in  Serving 
Industrial  Accounts 


LUMBER 

COMPANY 

BBDISo.CENTRALAve. 
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layer  to  the  copper  than  in  the  reverse 
direction.  In  such  instances,  alternat- 
ing current  may  he  so  changed  as  to 
cause  quite  severe  corrosion.  In  the 
case  of  alternating  currents  the  fre- 
quency is  also  important.  At  relatively 
high  frequencies  (above  several  cycles 
per  second),  in  many  instances  ap- 
parently the  amount  of  metal  rede- 
posited  during  the  period  current 
flows  from  the  soil  to  the  structure 
exactly  counterbalances  the  amount  of 
metal  dissolved  during  the  reverse 
cycle.  Therefore  the  corrosion  losses 
from  this  cause  are  negligible.  How- 
ever, for  other  metals  under  these  same 
conditions,  little  or  no  metal  is  rede- 
posited  once  it  is  dissolved,  and  there- 
fore corrosion  may  he  severe.  As  the 
frequency  is  reduced,  metals  may  cor- 
rode more  appreciably. 

CORROSION  INVOLVING  MICRO-ORGANI9MS 

It  has  been  noted  that  the  corrosive 
action  of  sea  water  is  much  greater 
than  that  of  artificially  prepared  sea 
water  containing  the  same  salt  con- 
centration and  that  the  corrosive 
action  of  natural  sea  water  is  sub- 
stantially reduced  if  the  water  is  steril- 
ized. This  would  seem  to  indicate  that 
micro-organisms  may  be  responsible 
for  the  difference  in  behavior. 

Many  investigators  have  drawn  at- 
tention to  the  fact  that  the  corrosive 
layer  which  accumulates  on  iron  which 
has  been  long  immersed  in  certain 
waters,  notably  sea  water,  or  buried 
in  certain  soils,  especially  those  of  the 
clay  type,  contains  a  high  proportion 
of  sulfur  as  sulfide  of  iron.  The  amount 
of  sulfur  in  such  cases  is  much  in  ex- 
cess of  that  present  in  the  metal  or  of 
the  hydrogen  sulfide  content  of  the 
surrounding  medium.  In  all  such  cases, 
however,  the  water  or  soil  contains 
sulfates,  and  the  (Question  arises,  as  to 
how  the  sulfates  are  reduced  to  sul- 
fides. No  satisfactory  chemical  hy- 
pothesis has  l)een  advanced,  and  there 
is  much  evidence  to  support  the  view 
that  reduction  is  brought  aI)out  by 
(Continued  on  page  36) 


34 


ILLINOIS  TECH   ENGINEER 


NUMBER  4  OF  A  SERIES 


for  Engineers 


Cooking  handsets 
with  Radio  Waves 

After  V-J  Day,  the  demand  for  tele- 
phone equipment  was  at  an  all-time 
high.  Total  requirements  for  telephone 
handset  handles,  for  example,  were 
33  percent  above  the  highest  previous 
production  rate.  New  molding  presses 
would  not  be  available  for  many 
months.  It  was  up  to  Western  Electric 
engineers  to  find  a  way  to  make  these 
important  parts  tzvice  as  fast  as  they 
had  ever  been  made  before.  So  they 
called  on  wartime  experience  with 
electronic  pre-heating  of  plastics  — 
cooking  with  radio  waves. 

The  method  formerly  used  to  pro- 
duce the  handles  was  to  mold  granu- 
lar plastic  into  solid  handles  with 
conductor  wires  imbedded  in  them. 

In  the  new  method,  granular  plastic 
is  first  molded  into  a  "pre-form", 
about  the  size  and  shape  of  a  hockey 
puck.  These  forms  are  then  "cooked" 
or  heated  to  the  consistency  of  butter 
by  subjecting  them  to  high  frequency 
current— then  placed  in  molds  for  final 
shaping.  The  new  handles  have  hol- 
low cores  through  which  the  insulated 
conductors  are  pulled. 

This  method  doubles  the  output  of 
handles,  increases  strength  due  to 
more  uniform  heating,  improves  fin- 
ish, reduces  amount  of  material  used. 


Coaxial  Cable 
by  the  mile 

To  meet  future  needs  for  long  distance 
telephone  and  television  circuits,  the 
Bell  System  is  constructing  a  nation- 
wide network  of  coaxial  cable.  Ingen- 
ious machines  designed  by  Western 
Electric  engineers  are  now  turning 
out  coaxials  like  S[)aghetti. 

A  coaxial  unit  consists  of  a  copper 
wire  supported  centrally  in  a  copper 
tube  by  plastic  disc  insulators.  The 
copper  sheath  is  covered  by  two  lay- 
ers of  steel  tape. 

One  machine  punches  out  the  plas- 
tic discs.  A  second  machine  feeds  the 
discs  through  chutes  onto  wheels 
which  force  them  onto  the  wire  at  pre- 
cise inter\'als.  The  wire  then  travels 
through  mechanisms  which  notch  and 
form  the  copper  tape  around  it  and 
finally  apply  the  double  wrapping  of 
steel  tape. 

All  these  processes  are  carried  on 
continuously.  Copper  wire  goes  in  one 
end  of  the  machine— complete  coaxial 
units  come  out  the  other  end. 


A  cable  like  this,  with  eight  coaxial  units, 
can  carry  as  many  as  l-t-fO  telephone  mes- 
sages simultaneously— can  handle  television 
frequencies  up  to  2,  SOO,  000  cycles  per  second. 


It  takes  17,000,000 

insulated  pieces 

to  make  one  part 

It  sounds  fantastic  —  but  it's  one  of 
the  unusual  feats  accomplished  by 
Western  Electric  engineers  in  pro- 
ducing compressed  powdered  cores 
for  inductance  coils  used  in  the  Bell 
Telephone  System. 

Thin  "overcoats"  of  an  insulating 
material  are  put  on  every  particle  of 
the  molybdenum -permalloy  powder 
of  which  the  cores  are  made.  The  par- 
ticles—averaging about  40  microns  or 
1  '/2  thousandths  of  an  inch  in  diam- 
eter—are coated  with  a  minimum 
thickness  of  insulating  material  by 
precisely  controlled  mixing. 

The  resulting  film  has  to  meet  three 
major  requirements:  It  must  not 
break  away  during  compression  and 
heat  treatment  of  the  core;  it  must 
isolate  the  particles  electrically  to 
reduce  eddy  current  loss;  it  must  re- 
main chemically  inert  throughout  the 
lifetime  of  the  magnetic  core. 

Developing  quantity  manufactur- 
ing processes  calling  for  scientifically 
controlled  laboratory  precision,  is 
an  interesting  part  of  the  complex, 
high  quality  production  job  for  which 
^\^stern  Electric  has  long  been  noted. 


Manufacturing  telephone  and  radio  apparatus  for  the  Bell  System  is  IVestern  Electric's  primary  job.  It  calls 
for  engineers  of  many  kinds  —  electrical,  mechanical,  industrial,  chemical,  metallurgical  —  who  devise 
and  improve  machines  and  processes  for  large  scale  production  of  highest  quality  communications  equipment. 

Western  Electric 

•2*     9     7     A  UNIT  OF  THE  BELL  SYSTEM  SINCE  1882    9     7     7 
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micro-organisms  which  depend  upon 
the  reduction  of  sulfates  to  sulfides  for 
their  normal  life  functions.  Moreover, 
it  has  heen  fpimd  that  the  Jn-ine  which 
accompanies  most  crude  oils  is  a  car- 
rier of  this  type  of  micro-organism, 
and  it  seems  quite  j)ossible  that  these 
are  responsii)le  for  some  of  the  cor- 
rosion which  is  usually  attriliutcd  to 
the  brine  itself. 


It  is  also  established  that  other 
micro-organisms  in  the  presence  of 
vegetable  matter  will  produce  organic 
acids  which  reduce  the  pH  value  of 
the  soil.  A  low  pH  value,  other  things 
being  equal,  will  always  increase  the 
rate  of  corrosion.  This  type  of  attack 
can  be  quite  a, serious  problem  in  the 
case  of  pipelines  and  other  metallic 
components  which  are  of  necessity 
buri<'d  in  the  earth. 


Keeps  pace  with  your 
steam  production  needs 

In  demand  by  steam  plant  operators,  is 
coal  with  low  overall  cost,  flexibility  .  .  . 
often  higher  possible  boiler  ratings.  All 
three  features  may  be  found  in  SP  coal 
which  is  demonstrating  these  very  things 
in  many  hundreds  of  plants.  "SP"  should 
stand  for  Smooth  Production  in  your 
plant  for  competitive  postwar  years. 
Mined  in  Southern  and  Central  Illinois. 


7-Step  SP  refineries  take 
out  impurities,  wash  anc' 
size   coal    to    set    standard 


PEABODY   COAL  COMPANY 

Established  1883 

231    South  LaSalle  Street,  Chicago  4,  Illinois 

Sales  Offices: 
SPRINGFIELD  •   ST.   LOUIS   •   OMAHA  '   MINNEAPOLIS  •   CINCINNATI   •   NEW   YORK 


Tests  on  buried  specimens  have 
shown  that  the  depth  of  pits  which 
develop  on  the  specimen  varies  rough- 
ly with  the  acidity  of  the  soil  and  in- 
versely with  its  electrical  conductivity. 
In  the  case  of  a  pipeline  or  other 
buried  metal  of  considerable  dimen- 
sions it  is  inevitable  that  the  dissolved 
oxygen  concentration  in  the  moisture 
of  the  soil  will  vary  from  place  to 
place.  This  will  result  in  an  electric 
current  flowing  through  the  soil  from 
the  region,  of  low  concentratioii  to 
that  of  a  higher  concentration,  return- 
ing along  the  metal  part.  Corrosion 
will  occur  at  the  point  where  the  elec- 
tric current  leaves  the  metal  to  flow 
into  the  earth,  and,  while  very  little 
can  be  done  to  reduce  the  conductivity 
of  the  metal,  that  of  the  soil  is  another 
matter.  In  some  cases  the  removal  of 
the  soil  and  its  replacement  by  soil 
showing  better  characteristics  on  these 
two  points  has  proved  to  be  a  good 
economic  move.  The  pH  value  of  the 
soil  chosen  should  not  be  lower  than 
7  and  the  higher  the  electrical  resist- 
ance, the  better. 

In  many  forms  of  hard  water,  the 
dissolved  salts  are  not  confined  to 
carbonates  and  sulfatee-^the  nitrate 
and  chloride  of  calcium  or  magnesium, 
or  both,  being  present.  These,  al- 
though present  in  relatively  small 
quantities  and  not  contributing  ma- 
terially to  the  deposit  due  to  car- 
bonates (formed  by  the  thermal  de- 
composition of  the  soluble  calcium  and 
magnesium  bicarbonates)  are  cor- 
rosive in  their  action,  and  the  prob- 
lem is  made  worse  by  the  fact  that  they 
are  not  so  readily  removed  by  the 
ordinary  water-softening  processes 
and  are  not  dcpendnt  upon  heat  for 
their  injurious  action.  In  radiator  sys- 
tems, where  the  trouble  ie  likely  to  be 
most  serious,  the  corrosive  attack  due 
to  the  presence  of  these  salts  may  be 
substantially  reduced  by  the  addition 
of  sodium  hydroxide  to  the  water  at 
the  rate  of  about  one  ounce  to  the  gal- 
lon. 
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The  concluding  portion  of  this  ar- 
ticle ivill  appear  in  the  March.  1947, 
issue. 

ILLINOIS  TECH   ENK3INEER 


What's  your  S.Q*? 


Is 


hot  ^tuff- ! 


1.  WHAT  IS  THE  TOTAL  WEIGHT  of  the  electrons 
flowing  through  a  100-watt  lamp  filament,  burning 
continually  for  one  year  on  a  115-volt  circuit  — 
(a)  150-billionth  ounce,  (b)  5460-millionth  ounce, 
(c)  2%  ounces? 


2.  WHAT  IS  THE  AMPERAGE  of  the  average  thunder- 
bolt-(a)  20,000  amperes,  (b)  1,700,000  amperes, 
(c)  4,000,000  amperes? 


(m  tjutnerfhan 

ihe 
driven  swoiv' ! 


3.  AIR  PASSING  THROUGH  the  experimental  wind 
tunnel  at  Wright  Field,  during  a  single  hour,  weighs 
as  much  as—  (a)  Army  "jeep",  (b)  electric  loco- 
motive, (c)  medium-size  ocean  liner? 


^-^— <:^— ?!^^^ 


4.  "the  purest  form  of  iron  ever  produced  is  used 
in— (a)  arc-welding  electrodes,  (b)  thermostatic 
controls,  (c)  spectrum  analysis? 
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LINCOLN 

(Continued  from  page  17) 

were  closely  associated  with  him,  Lin- 
coln always  regarded  this  case  as  one 
of  the  most  gratifying  triumphs  of  his 
career. 

This  power  of  Lincoln's  to  clearly 
demonstrate  his  ideas  was  no  mere 
happenstance.  In  order  to  understand 
fully  just  what  the  phrase,  "demon- 
strate" meant,  Lincoln,  though  past 
forty  years  of  age,  liegan  the  study  of 
the  six  hooks  of  Euclid.  He  carried  the 
books  with  him  on  the  circuit  and  ap- 
plied himself  with  vigor  to  their  mas- 
tery. Swett,  who  traveled  the  circuit 
with  him  says,  "I  have  seen  him  myself, 
upon  the  circuit,  with  a  'geometry'  or 
an  'astronomy'  .  .  .  working  out  prob- 
lems and  propositions  in  moments  of 
leisure."  Herndon  says  that  Lincoln, 
after  his  return  from  Congress,  was  a 
"hard  student",  especiallv  in  mathe- 
matics. The  maturing  of  his  mind  was 
brought  about  by  his  ambition  to  state 
a  conclusion  so  logically  that  the 
proposition  would  be  proved  with 
mathematical  certainty — that  it  be  so 
well  established  as  to  exclude  the  pos- 
sibility of  doubt  or  denial. 

At  the  December,  1851,  term  of  the 
United  States  Circuit  Court,  Lincoln 
had  a  case  of  extraordinary  interest, 
one  which  provided  him  with  a  back- 
ground that  he  was  able  to  put  to  good 
use  in  later  years  in  the  famous  "Effie 
Afton  Case."  This  case  was  that  of  the 
Columbia  Insurance  Company  v.  Ciir- 
tenius  et.  al.  The  plaintiff,  represented 
by  Lincoln  and  others,  were  suing  the 
stockholders  of  the  Peoria  Bridge 
Company  for  damages  suffered  by 
them  as  insurers  of  a  canal  boat  and 
cargo  sunk  in  collision  with  the  pier 
of  the  l)ridge  in  the  channel  of  the  Illi- 
nois River.  The  defendants  pleaded 
that  an  act  of  the  Illinois  legislature 
authorized  them  to  construct  the 
bridge.  Lincoln  demurred  on  the 
ground  that  the  legislature  had  no 
right  to  authorize  the  obstruction  of  a 
navigalile  stream.  The  case  turned  on 
the  point  of  the  state  having  the  power 
of  obstructing  a  navigable  stream  run- 
ning witliin  its  territorial  limits.  How 
well  this  pro])lem  of  navigation  must 
have  ])rought  to  the  mind  of  Lincoln 
his  former  days   as   a  riverman.   The 


court  later  decided  that  the  legislature 
did  not  have  the  right  to  authorize  the 
obstruction  of  the  river  and  settlement 
was  reached  by  compromise. 

Lincoln's  last  case  of  term  of  the 
Illinois  Supreme  Court,  February  3rd, 
1855,  was  representing  the  defendants 
in  error  in  the  case,  Edmonds  v.  Mey- 
ers, et.  al.  This  was  popularly  known 
as  the  "Horological  Cradle  Case."  Pat- 
ent rights  to  this  "horological  cradle", 
a  device  to  relieve  mothers  of  the  tedi- 
ous problems  of  cradle  rocking,  in- 
trigued Lincoln  and  he  took  full 
charge  of  his  side  of  the  case  in  the 
examination  of  exhibits  and  drawings. 
The  scientific  and  mechanical  turn  of 
the  case  interested  him.  That  he  argued 
his  points  well  may  be  gathered  from 
the  fact  that  the  court's  decision, 
handed  down  later,  reversed  the  de- 
cree of  the  lower  courts  previously 
rendered,  in  Lincoln's  favor. 

After  the  arguments  in  the  ease  were 
completed,  on  his  way  back  to  his  of- 
fice in  company  with  a  colleague,  Lin- 
coln was  explaining  to  him  the  merits 
of  the  invention.  His  friend  ventured 
to  ask  Lincoln  how  the  thing  was 
stopped  when  once  placed  in  motion 
and  Lincoln  replied,  "There's  a  rub. 
I  reckon  I'll  have  to  answer  you  as  I 
did  the  judge  who  asked  the  same 
question.  The  thing's  like  some  of  the 
glib  and  interesting  talkers  you  and  I 
know;  when  it  gets  to  going,  it  don't 
know  when  to  stop." 

An  interesting  sidelight  on  Lincoln's 
inquiring  mind,  his  engineer's  ap- 
proach to  the  scientific  and  mechan- 
ical, is  brought  out  by  Herndon  in  de- 
scribing the  occasion  on  which  he, 
Herndon,  brought  a  copy  of  Well's 
Annual  of  Scientific  Discovery  into 
their  office.  Lincoln,  who  was  in  the  of- 
fice at  the  time,  took  the  book,  glanced 
through  it,  read  a  little,  and  then  star- 
tled Herndon  by  announcing  that  he 
was  going  out  immediately  and  pur- 
chase the  entire  set.  He  explained,  "I 
have  wanted  such  a  book  for  years,  be- 
cause I  sometimes  make  experiments 
and  have  thoughts  about  the  physical 
world  that  I  do  not  know  to  be  true  or 
false.  I  may,  by  this  book,  correct  my 
errors  and  save  time  and  expense." 

This  characteristic  bent  of  mind 
stood  him  in  good  stead  in  the  intricate 


problems  presented  in  the  patent  cases 
to  be  handled  by  him  in  association 
with  many  other  outstanding  figures  of 
the  nation's  bar  of  the  period. 

Cyrus  McCormiek  invented  his  reap- 
er sometime  in  the  sizmmer  of  1831.  He 
took  out  patents  on  it  and  the  man)- 
devices  that  came  in  the  wake  of  his 
original  invention.  John  H.  Manny,  of 
Wisconsin,  sometime  in  1851,  pro- 
duced a  similar  machine  for  harvest- 
ing grain  and  he,  too,  took  out  letters 
of  patent  on  his  product  and  began 
immediate  production  for  sale.  His  ma- 
chine became  a  serious  threat  to  the 
McCormiek  product  and  in  November, 
1854,  McCormiek  brought  suit  against 
Manny  in  an  attempt  to  stop  the  fur- 
ther production  and  sale  of  Manny's 
product,  which,  in  many  instances,  re- 
sembled the  McCormiek  machine  in 
construction  parts. 

Lincoln  was  one  of  the  distinguished 
counsel,  numbering  besides  himself, 
George  Harding  and  Edwin  M.  Stan- 
ton, chosen  by  Manny  to  represent 
him.  Lincoln  immediately  interested 
himself  in  the  case,  especially  in  the 
mechanical  phases  and,  while  attend- 
ing the  sessions  of  the  United  States 
courts  in  Chicago  during  July,  1855, 
went  to  Rockford  to  study  the  Manny 
&  Company  reaper.  He  also  consulted 
with  Mr.  P.  H.  Watson,  of  Washington, 
D.  C,  an  outstanding  figure  in  the  pat- 
ent attorney  field,  on  the  case. 

The  case,  opening  in  Cincinnati, 
September  20th,  1855,  before  Judge 
McLean,  was  destined  not  to  come  up  ' 
to  the  expectations  of  Lincoln's  hopes 
of  participation  for,  in  spite  of  his  in- 
tense preparation,  through  the  ma- 
chinations of  Stanton,  Lincoln  was 
forced  to  withdraw  from  active  partici- 
pation in  the  court  hearings  and  re- 
main as  purely  a  consultant.  Stanton 
afterward  conceded  that,  from  the 
knowledge  he  afterward  gained  of  Lin- 
coln's ability,  he  undoubtably  was  as 
well  fitted  to  handle  the  case  as  were 
either  of  his  two  colleagues.  It  was  a 
very  disheartening  experience  for  Lin- 
coln inasmuch  as  he  had  planned  on 
the  opportunity  of  matching  himself 
against  such  men  as  Reverdy  Johnson 
and  Edward  M.  Dickerson,  counsel  for 
McCormiek. 

(Continued  on  page  40) 
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(Continued  from  page  38) 

In  December,  1856,  in  the  end  of  the 
term  of  the  United  States  Circuit 
Court,  sitting  in  Chicago,  Lincoln  was 
engaged  by  the  defendants  in  the  case 
of  Durfee  &  Green  v.  Slierman  &  Bay. 
The  complainants,  the  owners  of  a  pat- 
ent in  connection  with  a  stream  dredg- 
ing machine,  were  claiming  infringe- 
ment on  the  part  of  the  defendants  and 
were  seeking  to  restrain  them  from  op- 
erating another  similar  machine. 

The  struggle  between  St.  Louis  and 
Chicago  commercial  interests  had  been 
a  long  and  bitter  one  and  in  May.  1856, 
an  event  occurred  which  brought  to 
Lincoln  the  opjiortunity  to  display  his 
talents  which  liad  lieen  denied  to  him 
in  the  McCormick-Manny  case.  A 
steamboat  struck  one  of  the  piers  of  the 
Rock  Island  bridge,  was  wrecked  and 
burned.  A  portion  of  the  bridge  was 
also  destroyed  at  the  same  time.  This 
suit.  Hiird  et.  al.  v.  Railroad  Bridge 
Company,  was  more  connnonly  known 
as  the  "Effie  Afton  Case."  after  the 
steamer  in  question. 

The  Chicago  Daily  Democrat  of  July 
9th.  1857.  referred  to  the  fact  that  the 
interested  parties  were  endeavoring  to 
have  the  trial  take  place  in  the  court  of 
Judge  McLean.  The  case  created  a 
great  deal  of  interest  in  Chicago  inas- 
much as  it  was  a  common  l)elief  in  that 
city  that  the  accident  was  not  an  acci- 
dent at  all  but  a  deliberate  incident  on 
the  part  of  the  St.  Louis  Chandler  of 
Commerce,  who  felt  that  the  course  of 
western  commerce  was  at  stake  if  the 
bridge  were  allowed  to  stand.  The  Chi- 
cagoans  believed  that  the  St.  Louis 
Chamber  would  go  to  any  length  to 
destroy  the  bridge.  Mr.  Norman  B. 
Judd  was  the  attorney  for  tlie  railroad 
company  and  he  engaged  Lincoln, 
along  with  others,  to  act  as  counsel  for 
the  railroad. 

The  opponents  of  the  bridge  stated 
their  argument  in  two  phases;  firstlv. 
that  the  river,  the  great  waterway  for 
the  commerce  of  the  vallcv,  could  not 
legally  be  obstructed  by  a  bridge;  and 
secondly,  that  the  particular  location 
of  this  bridge,  with  reference  to  the 
channel  of  the  river,  made  it  a  peril  to 
all  water  craft — that  it  was  an  unneces- 
sary obstruction. 


The  trial  commenced  in  Chicago, 
September  8th,  1857.  and  ran  through 
September  24th.  with  argument  and 
counter  argument.  Plats  and  plans 
were  prejiared,  models  exhiliited.  The 
newspapers  carried  running  accounts 
of  the  case  and  the  arguments  of  the 
counsel  for  both  sides.  It  is  very  pos- 
sible that  Mr.  Lincoln  and  his  col- 
leagues made  a  visit  to  Rock  Island  for 
a  first. hand  study  of  the  situation  as 
may  be  gathered  from  Lincoln's  an 
swer  to  a  petitioner  for  him  to  speak 
in  Iowa  during  the  time  of  the  trial 
taking  place  in  Chicago.  He  says,  in 
part.  "T  am  engaged  in  a  suit  in  the 
L'nited  States  Court  at  Chicago,  in 
which  the  Rock  Island  Bridge  Com- 
pany is  a  partner.  The  trial  is  to  com- 
mence on  the  8th  of  September,  and 
]>robably  will  last  two  or  three  weeks. 
During  the  trial  it  is  not  improbable 
that  all  hands  will  come  over  and  take 
a  look  at  the  bridge,  and  if  it  were 
possible  to  hit  it  right.  I  could  then 
speak  at  Daven])ort." 

Lincoln  answered  the  first  part  of 
his  opponent's  argument  stating,  in  the 
main,  that  "one  man  had  as  much  right 
to  cross  the  river  as  another  had  to 
sail  up  or  down  it."  In  answer  to  the 
second  part  of  his  o])])onent"s  argu- 
ment. Lincoln  succeeded  in  showing, 
with  a  careful  explanation  of  the  cur- 
rent of  the  Mississippi  River  at  the 
point  where  the  bridge  crossed,  that 
the  i»ilot.  if  be  were  as  familiar  with 
the  river  as  might  reasonably  have 
been  expected,  could  have  prevented 
the  accident  from  occurring.  His  argu- 
ment in  this  instance  was  marked  by 
perfect  candor  but  was  full  of  nice 
mathematical  calculations,  clearly  put. 
Lincoln  had  learned  the  meaning  of 
the  word  "demonstrate". 

Much  has  l>een  written  about  Lin- 
coln's familiarity  with  the  Bible,  a 
knowledge  that  could  only  connote  a 
very  close  study  of  the  various  books. 
This  knowledge  was  used  bv  Lincoln  to 
illustrate  his  arguments  and  point  a 
moral  when  he  so  chose.  A  little  known 
side  of  Lincoln  is  his  short-lived  career 
as  a  lecturer.  In  February,  1859,  Lin- 
coln was  elected  to  honorary  member- 
ship in  Phi  Alpha  Society  of  Illinois 
College  at  Jacksonville,  Illinois.  He 
presented  his  first  lecture,  February 


11th,  under  the  sponsorship  of  the 
Society,  at  the  Congregational  Church 
in  Jacksonville.  His  discourse  was  en- 
titled. "Discoveries  and  Inventions,"  a 
rather  dry  discussion,  leaning  heavily 
on  the  Bible  and  the  allusions,  therein, 
to  the  development  of  mankind 
through  their  intellectual  advance- 
ment. From  his  opening  sentence,  "All 
creation  is  a  mine,  and  every  man  a 
miner,"  through  the  natural  phenone- 
ma  of  the  animals  of  the  earth  to  man, 
his  inventions  and  discoveries  primari- 
ly to  improve  his  condition.  Lincoln 
led  his  audience.  He  ended  on  a  note 
of  wonderment  relating  to  the  fact  that 
the  advantageous  use  of  steam  power 
should  be  so  recent  a  discovery  in  spite 
of  the  fact  that  the  power  of  steam, 
translated  into  a  very  ingenious  tov  at 
Alexandria,  in  Egypt,  was  known  l)y 
the  ancients. 

Lincoln  must  have  felt  encouraged 
bv  the  reception  of  his  lecture,  for  on 
February  21st.  he  again  delivered  it  at 
Myer's  Hall  in  Springfield.  This  time 
he  had  his  law  partner,  Herndon,  in 
the  audience  as  a  friendly  critic  and  it 
was  Herndon's  opinion  that  Lincoln 
was  not  of  the  material  that  lecturers 
are  made.  At  least  Lincoln  never  at- 
tempted to  carry  this  avocation  any 
further  after  these  trial  attempts. 

This  characteristic  of  Lincoln's,  his 
marked  interest  in  things  of  a  mechan- 
ical nature,  was  retained  by  him  even 
in  the  White  House.  The  coming  war 
clouds,  the  need  for  armament,  opened 
a  new  field  for  inventors.  Washington 
was  overrun  with  men  having  guns  to 
be  tested,  approved,  and  used  by  the 
Northern  soldiery. 

A  clerk  in  the  Ordnance  Depart- 
ment, during  the  war  days  in  Washing- 
ton, tells  of  meeting  Lincoln  in  the 
hall  of  the  department  and  receiving 
from  him  an  invitation  to  come  and 
test  a  new  gun.  His  story  had  a  re- 
freshingly intimate  touch  as  he  relates 
that  the  President,  "then  pacing  off  a 
distance  of  about  eighty  or  one  hun- 
dred feet  .  .  .  raised  the  gun  to  level, 
took  quick  aim.  and  drove  a  round  of 
seven  shots  in  quick  succession,  the 
bullets  shooting  all  around  the  target 
like  a  Catling  gun  and  one  striking 
near  the  center."  This  trial  did  not  suit 
the  President,  however,  and  his  com- 
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panion  reports  that  he  remarked  that, 
"I  can  make  this  gun  shoot  better,"  and 
whittled  a  wooden  sight  which  he  af- 
fixed over  the  sight  of  the  carbine  and 
proceeded  to  do  better. 

Such  memoranda  as  the  one  to 
General  Ripley.  Chief  of  Ordnance. 
"Will  General  Ripley  please  consider 
whether  this  Musket-shell  would  be  a 
valuable  missile  in  battle?",  or  the  one 
to  Captain,  later  Admiral,  Dahlgren, 
"You  have  seen  Mr.  Blunt's  new  gun 
— ^What  do  you  think  of  it?  Would  the 
government  do  well  to  purchase  some 
of  them?  Should  they  be  of  the  size  of 
the  one  exhibited,  or  of  different 
sizes?"  are  but  a  few  of  the  references, 
noted  in  Dahlgren's  diary  that  record 
Lincoln's  deep  interest  in  ordnance, 
ammunition,  and  related  matters.  This 
close  contact  with  Dahlgren  created  a 
deep  friendship  between  him  and  the 
President. 

Lincoln  had  other  interests  in  the 
field  of  mechanics  as  witnessed  by  his 
memorandum  to  Dahlgren,  "Captain 
Lavender  wishes  to  show  vovi  a  con- 


trivance of  his  for  discovering,  and 
aiding  to  remove,  under-water  obstruc- 
tions to  vessels."  When  John  Ericsson 
approached  the  senators  and  congress- 
men with  his  plans  for  an  ironclad  ves- 
sel for  war  use  he  was  rebuffed  in  no 
uncertain  terms.  He  finally  was  able  to 
make  contact  with  President  Lincoln 
who  listened  to  his  ideas,  studied  his 
models,  encouraged  him  and  was  in- 
strumental in  having  the  navy  accept 
the  "Monitor"  for  the  North.  He  fol- 
lowed the  building  of  the  craft  with 
the  deepest  of  interest. 

President  Lincoln  interested  himself 
in  the  experiments  with  the  use  of  bal- 
loons in  observation  work  in  connec- 
tion with  the  army.  He  was  one  of  the 
first  persons  in  the  country  to  receive 
telegraphic  messages  from  a  balloon 
sent  up  to  make  observations  on  the 
enemy's  works.  His  encouragement 
of  these  endeavors  brought  about  the 
full  acceptance  of  this  plan  and  the 
Smithsonian  Institution  issued  a  state- 
ment that  "from  experiments  made 
here  for  the  first  time,  it  is  conclusivelv 


proved  that  telegrams  can  be  sent  with 
ease  between  balloon  and  the  quarters 
of  the  commanding  officer." 

Harking  liack  to  his  days  as  a  con- 
gressman in  Washington  is  a  memor- 
andum from  the  President  to  the  Sec- 
retaries of  War  and  Navy,  in  February, 
1863,  following  the  great  successes  of 
the  Confederates  at  Fredericksburg, 
urging  the  appointment  of  representa- 
tives to  test  the  use  of  certain  incen- 
diaries as  adaptable  for  military  use. 

In  his  Annual  Message  to  Congress 
in  December,  1863,  President  Lincoln 
urged  upon  Congress  the  consideration 
of  an  international  telegraph  across 
the  Atlantic.  This  in  addition  to  coast- 
wise cable  sel•^'ice.  He  referred  to  ar- 
rangements that  had  been  made  by  the 
government  with  the  Czar  of  the  Rus- 
sias  for  the  construction  of  a  telegraph 
line  from  the  Pacific  Coast,  through 
the  Czar's  territory,  to  connect  with 
European  systems.  He  was  in  close  con- 
tact with  Cyrus  W.  Field,  who  was  the 
chief  exponent  of  the  Trans-Atlantic 
cables. 
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Abraham  Lincoln  did  not  consider 
himself  to  be  an  authority  on  military 
matters  but  throughout  his  term  he 
showed  a  practical  wisdom  in  military 
affairs.  His  suggestions  to  the  military- 
authorities  showed  a  native  shrewd 
ness,  a  practical  sagacity  that  is  the  es 
sence  of  military  strategy.  Ho  instinc 
lively  grasped  the  salient  features  of 
the  plans  under  consideration  and 
could  give  them  proper  values.  He,  in 
theory,  carried  out  the  duties  of  the 
modern  High  Command  in  the  survey 
of  the  war  as  a  whole.  The  recognition 
of  the  fact  that  he  had  the  use  of 
superior  naval  strength,  ami  made  the 
most  of  it;  that  in  dealing  with  a  raw 
army,  he  fitted  political  considerations 
in  with  a  strategic  deployment  of  men; 
his  insistence,  throughout  the  w  ar,  that 
con.stantly  maintained  pressure  be 
kept    on    the    enemy   forces:    and   hi.« 


recognition  that  the  main  body  of  the 
enemy,  the  principal  objective,  should 
always  be  kept  in  true  perspective,  are 
those  functions  that  woidd  come  with- 
in the  province  of  the  modern  High 
Command. 

The  widespread  belief  that  Lincoln, 
as  a  youth,  a  country  bumpkin,  devel- 
oped overnight  into  his  character  as 
a  statesman ;  the  tales  of  dire  poverty, 
told  out  of  all  perspective  as  to  his 
friends  and  neighbors,  had  their  value 
in  political  advantages  at  the  time,  but 
the  actual  facts  of  the  case  point  up  an 
entirely  different  picture  with  the  real- 
ization of  Lincoln's  possession  of  an 
alert  mind.  Knowledge,  gained 
through  patient  persistence,  caused 
Abraham  Lincoln  to  rise,  through  his 
own  efforts,  from  obscurity  to  immor- 
lalitv. 
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stances.  From  the  younger  men  work- 
ing with  him  at  the  time,  he  recom- 
mended George  Noble  Carman,  then 
Principal  of  Morgan  Park  Academy 
and  a  member  of  the  English  depart- 
ment of  the  University  of  Chicago,  to 
head  the  new  institution.  These  two 
men  agreed  perfectly  as  to  the  plan 
of  study  to  be  carried  on,  the  trustees 
acquiesced,  and  Lewis  Institute  was 
incorporated  to  offer  a  four-year  high 
school  course  in  technical  subjects  and 
liberal  arts,  and  an  additional  two 
years  of  college  work  in  arts  and  engi- 
neering. While  the  actual  term  "jun- 
ior college"  is  not  used  in  this  specific 
grant,  Lewis  really  became  the  first 
junior  college  to  be  established  in  the 
United  States.  In  that  first  year,  1896- 
97,  a  day,  evening,  and  a  summer  ses- 
sion were  conducted,  and  if  newspaper 
publicity  is  an  indication  of  educa- 
tional value  to  the  public,  Lewis  cer- 
tainly filled  a  long  felt  need.  One  of 
the  first  of  the  experimental  schools 
was  on  its  way,  and  no  one  was  even 
hired  on  the  faculty  who  was  not  will- 
ing to  "go  along"  with  new  ideas  in 
education. 

On  the  memorable  morning  that  the 
Director  and  the  Dean  came  up  Madi- 
son sti-eet  actually  to  open  the  doors 
of  the  Institute,  two  little  boys  were 
sitting  on  the  curb-stone  waiting  for 
the  great  event.  Both  of  them  are  now 
well  known  in  the  educational  world ; 
one  of  them,  the  mathematical  wonder, 
George  Birkhoff,  was  said  l)y  many  to 
have  been  the  greatest  mathematician 
in  the  world  at  the  time  of  his  death. 
I  should  not  be  so  rash  as  to  sav  that 


the  actual  training  George  received 
during  his  high  school  and  college 
years  at  Lewis  made  him  what  he  was, 
but  he  always  insisted  that  the  encour- 
agement he  received  there  to  step  out 
of  the  beaten  paths  and  to  develop  his 
own  mathematical  ideas  started  him  on 
his  way. 

The  Institute,  in  those  days,  instead 
of  offering  formal  examinations  to  new 
students,  held  an  "opening  week",  a 
classification  period  such  as  we  know 
today.  I  have  never  heard  of  the  plan 
being  used  before  it  was  tried  out  here, 
but  it  may  have  been  in  existence  else- 
where. The  problem  of  the  individual 
was  alwavs  strongly  stressed,  for  the 
Institute  Ijegan  by  establishing  an 
"elective"  system  in  the  high  school 
years  in  the  hope  of  developing  self 
expression.  The  three  "R's"  and  the 
classical  background  were  emphasized, 
but  the  student  had  a  chance  to  choose 
a  few  subjects  to  complete  his  program 
and  was  delighted  with  his  liberty, 
while  the  die-hards  in  the  city  schools 
shook  their  heads  in  horror  at  the  de- 
parture from  the  cut  and  dried  for- 
mulas of  the  day.  Many  years  later,  at 
a  banquet  of  honor  given  to  Director 
Carman,  much  was  said  as  to  the  time 
and  thought  he  had  given  to  the  de- 
velopment of  the  individual,  and  the 
original  Dean  of  the  Institute,  Profes- 
sor Edwin  H.  Lewis,  whose  writings 
were  generally  so  profound  that  only  a 
few  could  understand  them,  penned 
these  lines  "To  Our  Chief": 

Carman  likes  to  make  a  man,  and 
now  you'll  all  agree 

He  did  his  level  best  to  make  a  man 
of  you  and  me. 

Carman  likes  'em  different,  and,  too, 
we'll  all  agree 


I  ain't  no  copy  of  you,  my  dear,  you 
ain't  no  copy  of  me. 

For  one  by  one  he  studied  us,  he 
studied  you  and  me. 

And  always  he  respected  individ- 
uality. 

A  great  expert  in  persons  and  a  mak- 
er of  them,  too — 

That's  what  the  dear  old  boy  has 
been  to  all  he  ever  knew. 

In  the  second  year  of  its  existence 
the  Institute  was  host  to  a  group  of  men 
from  all  over  this  western  section  of 
the  country.  Led  by  Dr.  Harper,  with 
Director  Carman  and  Dean  Greeson  of 
the  Institute,  and  Dr.  Angell  of  Michi- 
gan, these  men  were  working  on  estab- 
lishing standards  in  the  college  and 
high  school  fields.  The  new  Lewis  was 
the  last  word  in  building  and  equip- 
ment, and  the  group  were  anxious  to 
study  new  physical  developments  as 
well  as  to  work  on  standards,  so  they 
filled  our  Auditorium,  and  at  those 
meetings  the  accrediting  association 
known  as  the  North  Central  Associa- 
tion of  High  Schools  and  Colleges  was 
formed.  Lewis  always  occupied  a  place 
on  its  list. 

In  1901  the  trustees  began  granting 
degrees  to  mechanical  engineers 
and,  in  the  years  that  followed,  this 
department  was  extended  to  include 
other  fields  of  engineering.  In  1903  the 
building  on  Damcn  avenue  was  erected 
to  increase  the  facilities  of  the  engi- 
neering department.  John  A.  Roche, 
former  Mayor  of  Chicago  and  the  first 
President  of  our  Board  of  Trustees, 
who  was  devoted  to  the  interests  of 
Lewis,  promoted  the  undertaking.  The 
bronze  tablet  that  was  erected  in  this 
building  to  the  memory  of  Mr.  Roche 
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Dr.  McDonald  is  a  graduate  of  McGill 
University  and  received  the  master's  and 
doctor's  degrees  in  physical  chemistry 
from  Carnegie  Institute  of  Technology. 
He  joined  the  Illinois  Tech  Department  of 
Chemistry  in  1939. 

Robert  C.  Peterson  is  Associate  Pro- 
fessor of  Safety  Engineering.  His  profes- 
sional record  is  reported  in  the  Contribu- 
tors' column  of  the  October,  1946,  issue. 

K.  Nagaraja  Rao  was  born  in  Banga- 
lore, in  the  south  of  India.  He  studied  at 


Mysore  University,  where  he  received  the 
degree  of  M.Sc.  in  Chemistry.  He  has 
taught  chemistry  at  Central  College,  Ban- 
galore. Mr.  Rao  is  a  graduate  student  in 
the  Department  of  Chemical  Engineering 
at  IIT,  holding  a  fellowship  sponsored  by 
the  government  of  Mysore. 

Herbert  A.  Simon  is  Associate  Pro- 
fessor of  Political  Science  and  Chairman 
of  the  Department  of  Political  and  Social 
Science  in  Illinois  Institute  of  Technology. 
He  is  a  consultant  to  the  International 
City  Managers'  Association,  and  the  U.  S. 
Bureau  of  the  Budget.  Before  coming  to 


the  Institute  in  1942,  he  was  director  of 
administrative  measurement  studies  for 
the  Bureau  of  Public  Administration,  Uni- 
versity of  Cahfornia.  He  took  his  docto- 
rate degree  at  the  University  of  Chicago. 
He  has  published  a  number  of  books  and 
articles  on  public  administration,  local 
government,  and  the  economic  and  admin- 
istrative aspects  of  city  planning. 

The  Cover  Picture  is  by  Norman  A. 
Bartley  of  the  photographic  staff  of  the 
Armour  Research  Foundation.  It  shows 
equipment  in  the  organic  chemical  labora- 
tory of  the  Foundation. 
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was  the  work  of  instructors  and  stu- 
dents then  in  attendance:  the  sculptur- 
inij  being  tlie  work  of  Mr.  E.  S.  Hinton. 
an  instructor  in  architectural  sculp- 
ture in  the  evening  session;  the  cast- 
ing was  done  under  the  supervision  of 
Mr.  C.  E.  HoyI  in  charge  of  the  foundry 
work,  who  made  it  possible  for  the 
piece  to  be  cast  in  our  own  foundry. 
,  Home  economics  courses  were 
opened  with  the  Institute,  and  since 
this  was  a  comparatively  new  field  in 
this  section  of  the  country,  they  grew 
rapidly  in  attendance  until,  with  the 
demand  for  college  graduates  as  home 
economics  teachers,  the  Institute  took 
a  step  forward  and  granted  that  degree 
to  its  students.  That  was  in  1912.  This 
department  ran  the  lunchroom  in 
those  early  days,  another  novel  feature 
found  in  no  other  high  school  in  Chi- 
cago. Well  do  I  remember  the  menus 
and  the  cost  of  the  food,  and  often  do 
I  sigh  for  those  good  old  days  when  we 
were  served  a  delicious  hot  dish.  sou|> 
or  milk,  and  dessert,  each  item  cost- 
ing five  cents.  And  then  if  we  ate  fif- 
teen cents  worth,  two  slices  of  bread 
and  l)utter  were  added  to  our  trays,  and 
we  ate  off  real  china  and  had  linen 
napkins.  Fm  not  dreaming,  either. 

Some  few  years  ago  the  Home  Eco- 
nomics section  of  the  Bureau  of  Edu- 
cation at  Washington,  studying  the 
history  of  this  dejiartment,  found  that 
the  course  generally  known  as  "House- 
hold Management"  or  later  as  '"The 
House;  Its  Plan.  Selection,  and  Care" 
was  first  evolved  and  taught  at  Lewis 
in  the  early  1900"s. 

The  opening  j>aragraph  in  the  sec- 
tion of  the  Lewis  will  that  pertains  to 
the  founding  of  the  Institute  says  "It 
has  long  been  my  desire  to,  in  some 
manner,  provide  for  and  assist  those  in 
need  of  an  education,  and  who  are  so 
circumstanced  in  life  as  to  be  unable 
without  aid  and  assistance  to  ol)tain 
the  instruction  and  gain  access  to 
books  and  papers  of  art  and  science 
that  their  future  advancement  in  life 
requires".  At  the  time  the  Institute 
opened  it  was  not  possible  to  comply 
with  this  desire,  because  so  few  of 
"those  so  circumstanced"  cared  to  have 
more  formal  education  than  was  of- 
fered in  the  grade  schools,  and  inas- 
much as  Lewis  was  built  in  the  heart 


of  what  was  then  one  of  the  fashion- 
able and  well-to-do  districts  in  the  citv, 
it  started  its  career  with  the  easily  ac- 
quired title  of  a  "fasbionaltle  prep- 
school".  This  situation  existed  until 
as  late  as  1908.  when  another  general 
shift  in  population  took  jilace.  and  a 
more  mature  type  of  student  sought 
instruction  there,  a  type  that  was  em- 
ployed at  least  part-time,  and  was  un- 
able financially  to  attend  one  of  the 
larger  universities.  Then,  at  last,  the 
fundamental  desire  of  the  founder 
came  to  be  realized. 

In  1909,  through  the  generosity  of 
LaVerne  Noyes,  one  of  our  trustees,  a 
co-operative  course  was  inaugurated 
for  boys  of  high  school  age  who  also 
served  as  apprentices  in  industry.  The 
tuition  of  the  boys  was  paid  by  Mr. 
Noyes  when  they  were  not  working, 
and  splendid  co-operation  was  given 
to  the  course  by  many  firms  in  the  city. 
The  decrease  in  the  attendance  of  boys 
of  high  school  age  and  the  require- 
ments of  industry  during  the  early 
years  of  World  War  I  made  it  necessary 
to  close  the  co-operative  course. 

In  1913  a  contract  was  signed  with 
the  Portland  Cement  Association  to 
olablisb  the  Structural  Materials  Lab- 
oratory at  the  Institute  for  purposes  of 
research  and  for  the  training  of  men 
competent  to  at^sist  in  concrete  con- 
struction. This  laljoratory  was  main- 
tained until  1926  when  the  Association 
moved  into  its  own  building.  1  venture 
to  say  that  no  college  ever  had  more 
pleasant  and  co-operative  associates 
than  the  men  and  women  who  worked 
with  us  under  the  direction  of  Mr.  Dufl' 
Abrams. 

During  World  War  I,  Lewis  was  the 
headquarters  of  the  educational  work 
of  the  Sixth  Corps  Area.  A  most  suc- 
cessful training  school  for  ground  me- 
chanics was  maintained  there,  and  re- 
hal)ilitation  work  for  veterans  was  car- 
ried on  for  about  six  years  after  the 
war.  Letters  in  our  files  that  came  to 
Director  Carman  from  the  War  De- 
partment in  Washington  indicate  that 
the  jilan  inaugurated  at  Lewis  served 
as  a  model  in  many  colleges  through- 
out the  country. 

In  1917,  because  of  a  growing  de- 
mand for  more  college  work,  the  gen- 
eral degree  of  Bachelor  of  Science  was 
added  to  the  Engineering  and  Home 


Economics  degrees.  Then  tlie  evening 
session  courses  were  offered  on  the  col- 
lege level,  the  Academy  was  discon- 
tinued, and  the  Institute  emerged  from 
World  Vi' ar  I  as  a  four-year  college  on 
the  lists  of  the  North  Central  Associa- 
tion. 

Probably  the  most  outstanding  fea- 
ture of  Lewis  Institute  was  the  admin- 
istration under  the  leadcrshij>  of  Di- 
rector Carman,  who  was  generally  ac- 
claimed one  of  the  leading  educators  of 
his  day,  and  who  remained  at  the  helm 
for  forty  years.  It  was  his  custom  to 
register  and  consult  with  each  student 
personally  in  the  day  school,  and  with 
as  many  as  he  could  in  the  evening 
school.  He  lived  for  the  Institute,  and 
after  the  death  of  his  wife  in  1916  be 
made  it  his  day  and  night  work,  seven 
days  a  week,  and  he  had  no  other  inter- 
ests. It  is  said  that  he  did  the  most  out- 
stantting  piece  of  personnel  work  that 
has  ever  been  accomplished  in  an 
American  college.  The  tenure  of  the 
faculty  who  served  under  him  was 
long,  for  the  men  and  women  who 
taught  at  Lewis  believed  in  the  pur- 
pose of  the  school  and  were  willing  to 
devote  their  lives  to  teaching  at  the 
Institute.  I  have  never  happened  to 
hear  of  a  school  where  faculty  and 
students  worked  together  with  so  little 
appreciable  friction  and  such  full  co- 
operation. As  one  student  put  it — "the 
factor  beyond  price  in  this  educational 
experience  at  Lewis  is  the  intimate  per- 
sonal contact  with  the  faculty."  This 
situation  existed  because  of  the  Direc- 
tor's clear  understanding  of  human  na- 
ture and  its  needs. 

That  the  Institute  served  the  pur- 
pose for  which  it  was  founded  can 
scarcely  be  doubted.  During  the  first 
ten  years  of  its  existence,  the  attend- 
ance in  the  day  and  evening  sessions 
amounted  to  about  10,000  individuals. 
From  that  time  on,  as  the  desire  for 
education  grew  among  young  people, 
the  numbers  mounted  rapidly,  and  in 
1940  more  than  100.000  students  had 
attended  the  Institute  from  one  term 
to  twenty  years — a  record  made  by  a 
student  in  the  evening  session.  This 
count  was  actually  made  by  me  over  a 
space  of  lime  and  was  not  figured  by  a 
hit  and  miss  method. 

(Continued  on  pn^e  46) 
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You  saw  us  today . . .  remember? 


When   you   crossed  the  road     and  saw  that  orchard . . . 

H 
or  watched  the  train  ...  or  bought  a  new   dress... 

left  your  car  for  repair  ...  or  ordered  roofing  . . . 


or  took  your  vitamins  ...  or  made   a  phone   call . . . 


GABAGC 


you  saw  a  Koppers  product  in  use 


1.  Tarmac.  2.  Flotation  Sulfur  Sprays.   3.  Pressure- treated 
cross  ties.  4.  Chemicals  for  dye  intermediates.  S.  Piston  rings. 
6.  Roofing.  7.  Chemicals  for  pharmaceuticals.    8.  Chemicals  for 
molded  plastics.  9.  Coke  plants.  All  these  are  Koppers  products .  . 
and  many  others  that  touch  your  welfare  in  countless  ways.   The 
Koppers  trademark  is  thesymbol  of  a  many -sided  service.  Wherever  you 
see  it,  it  means  top-notch  quality.  Koppers  Co.,  Inc.,  Pittsburgh  19,  Pa. 
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rough  usage.    Coated  with 
smooth,  rust-resistant  chrome,  it 
will  not  crack,  chip,  or  peel. 
Accurate,  jet  black  mark- 
ings are  easy  to  read, 
they're  recessed  so  they 
can't   wear    out.     For 
L  free  catalog  write  THE 

'  LUFKIN     RULE     CO., 
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TV  New  York  City. 
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to   meet   today's 

electrical  requirements 
and  those  of  tomorrow 
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eceCTRIC   PRODUCTS 
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A  symbol  of 
quality  on  wiring 
systems  and  fittings  for 
every  conceivable  re- 
quirement. 


national  Electric 

P  R  O  O  U  C -r  S         COAPORATtON 
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I  regret  ihat  I  haven't  enough  space 
to  enumerate  the  Lewis  students  who 
have  gone  out  to  fame  and  fortune,  hut 
alas!  the  editor  said  .3000  words.  In 
looking  back  over  the  years  I  spent  at 
Lewis  as  a  student,  as  seci'ctary  of  the 
Alumni  Association,  as  an  instructor, 
and  as  a  memher  of  the  administrative 
staff,  and  counting  the  value  of  the 
Institute  to  the  community  as  I  saw  it 
from  day  to  day,  I  can  easily  under- 
stand the  statement  made  by  the  presi- 
dent of  one  of  the  eastern  educational 
foundations  when  he  wrote  of  Lewis 
"that  in  all  their  studies  of  the  schools 
and  colleges  in  our  land,  they  had 
found  none  that  had  accomplished  so 
much  with  so  little  endowment."  I 
should  like  to  quote  to  you  from  a 
speech  of  Director  Carman's  concern- 
ing this  accomplishment,  the  largest 
part  of  which  was  of  his  own  making. 
"A  great  opportunity  was  presented  to 
us.   We   have   done   our  liest   and   the 


general  public  have  been  duly  appre- 
ciative. May  we  not  be  content  with 
this?  May  we  not  have  something  of 
the  serenity  felt  by  Franklin,  when,  as 
he  looked  back  over  his  life  as  a  whole, 
he  asked  himself  whether,  if  the  op- 
|(ortunity  were  given  him  to  try  it  all 
over  again,  it  would  he  worth  while? 
You  remember  his  conclusion,  'That 
felicity,  when  I  reflected  on  it,  has  in- 
duced me  sometimes  to  say  that  were 
it  offered  to  my  choice,  I  should  have 
no  objection  to  a  repetition  of  the  same 
life  from  its  beginning,  only  asking  the 
advantages  authors  have  in  a  second 
edition  to  correct  some  faults  of  the 
first'." 

I  cannot  conclude  without  this  obser- 
vation— I  have  never  known  anyone 
who  had  a  real  and  honorable  part  in 
this  educational  venture  known  as 
Lewis  Institute,  either  as  a  student  or 
as  a  member  of  the  faculty  or  of  the 
basement  staff  who  did  not  gain  some- 
thing fine  from  the  contact,  or  who  did 
not  contribute  something  in  the  way  of 


loyalty  or  devotion  that  was  beyond 
price.  In  a  recent  edition  of  the  Engi- 
neer there  is  a  letter  from  a  Lewis 
alumnus  who  says.  "Your  letter 
brought  to  my  mind  the  great  debt  I 
owe  to  Lewis,  a  debt  constantly  built 
up  during  the  four  years  I  attended  the 
Institution.  It  is  a  feeling  of  gratitude 
toward  a  school  that  gave  help  in  all 
the  ways  it  could  and  asked  for  nothing 
in  return  of  its  students  or  alumni". 
Perhaps  that  alumnus  does  not  realize 
that  his  letter  is  the  best  return  on  an 
investment  that  a  college  could  have. 
That  feeling  of  gratitude.  I  know,  is  in 
the  hearts  of  thousands  of  Lewis  stu- 
dents. 


Editor s  Note:  Illinois  Institute  of 
Technology  ivas  formed  by  a  consoli- 
dati^yn  of  Armour  Institute  of  Tech- 
nology and  Lewis  Institute  in  June, 
1940. 
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TAKES      A 
CHINESE      HON  EYM  O  ON 


X     ' 


•  The  Cinderella  of  Chesapeake  Bay  is  a  queer 
looking  craft.  She  has  no  bow,  no  stern,  no  engine, 
no  crew.  Never  weighs  anchor  to  make  a  voyage. 
But  she  has  a  purpose,  and  has  served  it  well. 

Largely  because  of  her,  a  new  fleet  of  ocean- 
going passenger  ships  will  ha\e  superstructures 
built  of  aluminum.  It  reduces  weight  at  the  most 
important  ])lace — '"topside". 

This  is  a  dream  come  true  for  Alcoa  engineers. 
Eleven  years  ago  they  built  this  odd-shaped 
aluminum  test  hull  and  anchored  it  in  Chesapeake 
Bay.  Together  with  marine  engineers  and  naval 
architects,  they  watched  to  see  the  effect  salt  water 
had  on  aluminum;  whether  it  would  prove  sea- 
worthy. And  it  did! 

But  there  were  other  problems — for  instance, 
stresses  topside,  set  up  by  the  weaving  and  pound- 
ing that  a  ship  takes  at  sea.  By  building  and  test- 
ing a  model,  Alcoa  engineers  found  that  the  use 
of  aluminum  in  the  superstructure  greatly  re- 
duced the  stresses.  They  likewise  conferred  on 
plans  and  recommended  materials. 

So  the  ships  were  built.  They  are  in  the  water 
now  being  outfitted  for  their  maiden  voyages  to 
China — thanks  to  Cinderella  and  the  "imagineers' 
who  dreamed  of  aluminum  ships  and  then  engi- 
neered them  into  the  water. 

Doesn't  a  company  that  pursues  an  ideal  with 
such  intensity  stir  your  imagination?  It's  fun  to 
work  with  men  of  vision.  Ideas  click  when  men 
with  imagination  plus  engineering  work  with  this 
versatile  metal,  aluminum,  and  with  the  greatest 
fund  of  aluminum  knowledge  in  the  world  .  .  . 
Alcoa's.  Aluminum  Company  of  America.  Gulf 
Building,  Pittsburgh  19,  Pennsylvania. 
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RE-DEVELOPMENT 

(Continued  from  page  24) 

planned  as  to  eliminate  the  causes 
that  hrought  about  the  original  blight 
— causes  that  would  otherwise  insure 
its  speedy  recurrence.  A  large  enough 
area  is  of  course  an  essential,  but  it  is 
bv  no  means  the  only  requisite.  Urban 
redevelopment  will  succeed  only  if  it 
can  bring  into  the  centers  of  our  cities 
the  important  advantages  enjoyed  by 
the  suburbanite,  combined  with  the 
equally  important  advantages  of  a 
central  location.  Families  will  not  re- 
turn to  the  cities  unless  they  are  as- 
sured of  the  same  pleasant  surround- 
ings, good  schools,  and  community 
facilities  that  they  can  have  in  out- 
lying districts. 

This  means  that  the  redevelopment 
project,  whether  private  or  public, 
must  reflect  the  best  thinking  of  mod- 
ern city  planners  for  community  de- 
sign. In  the  case  of  public  projects, 
the  public  agencies  themselves  can 
assume  responsibility  for  this  plan- 
ning. In  the  case  of  private  projects, 
some  measure  of  community  control 
must  be  exercised  so  that  the  develop- 
ment will  really  achieve  a  '"public 
purpose"  and  so  that  it  will  be  prop- 
erly coordinated  with  the  overall  city 
plan. 

Proper  design  of  community  areas 
usually  requires  substantial  modifica- 
tion of  the  existing  street  plan,  and 
often  the  relocation  of  railroads  and 
other  utilities.  Hence,  not  only  must 
existing  structures  in  the  area  be 
largely  written  off,  but  existing 
streets,  sewers,  and  water  mains  as 
well.  Since  the  existing  utilities  are 
usually  found  to  be  inadequate  and 
badlv  deteriorated,  the  economic  loss 
because  of  relocation  is  not  too  seri- 
ous. Moreover,  the  installation  of  new 
utilities  is  a  cost  that  must  also  be 
borne  by  new  sulidivisions  in  outly- 
ing districts. 

Satisfactory  results  can  be  expected 
from  redevelopment  only  if  the  proj- 
ect locations  are  selected  and  the 
projects  designed  with  proper  rela- 
tion to  the  rest  of  the  citv.  The  tvpe 
of  redevelopment  that  should  be  un- 
dertaken will  depend  on  the  amounts 
and  kinds  of  housing  that  exist  in 
or  are  planned  for  other  parts  of  the 


city.  Tliought  must  also  be  given  to 
location  of  the  project  in  relation  to 
places  of  work  and  commercial  areas. 
Logically,  then,  the  plan  for  the  indi- 
vidual redevelopment  project  should 
he  based  on  a  comprehensive  housing 
plan  and  a  land  use  plan  for  the 
whole  city,  and  even,  in  the  case  of 
centers  like  Chicago,  for  the  whole 
metropolitan  area.  Lack  of  compre- 
hensive plans  may  leave  piecemeal 
redevelopment  as  the  only  alternative 
course  of  action. 

Most  redevelopment  laws,  includ- 
ing those  of  Illinois,  provide  that  the 
design  of  private  redevelopment  p<oj- 
ects  must  receive  approval  from  a 
public  authority — the  city  planning 
agency  or  a  redevelopment  commis- 
sion, or  both.  Such  a  requirement 
works,  of  course,  to  the  advantage  of 
])oth  the  community  and  the  rede- 
velopment corporation — to  the  former 
in  providing  well-planned  housing  and 
community  facilities,  to  the  latter  in 
protecting  the  investment  from  the 
threat  of  future  blight. 

Relocating  The  Population 

At  this  point  a  further  problem — 
and  a  very  serious  one — intrudes  it- 
self. Provision  must  be  made  for  the 
housing  of  the  population  presently 
living  in  the  blighted  area.  To  be  sure, 
the  redevelopment  would  usually 
house  as  many  or  almost  as  many  per- 
sons as  lived  in  the  area  before  recon- 
struction. The  number  provided  for 
would  depend  upon  the  amount  of 
vacant  land  and  commercial  property 
in  the  exisiting  area,  and  the  popula- 
tion density  contemplated  in  the  proj- 
ect design.  It  should  be  pointed  out 
that  proper  community  design  does 
not  preclude  reasonably  high  popula- 
tion densities.  The  large  Metropolitan 
Life  Insurance  Company  project,  in 
New  York's  lower  East  side,  will  house 
about  30,000  people  in  an  area  where 
27,000  lived  in  1920,  and  only  11,000 
in  1943. 

The  problem,  then,  is  not  really  one 
of  numbers,  but  of  economics.  The  in- 
liabitants  of  the  blighted  areas  are 
drawn  from  the  lowest  income  strata 
of  the  city.  They  are  not  able  to  pay 
rents  that  would  finance  proper  hous- 
ing, even  when  the  high  costs  of  site 


acquisition  are  left  out  of  account. 
These  groups  have  traditionally  occu- 
pied second-hand  housing,  left  behind 
by  more  prosperous  families  who 
move  into  new  homes.  Even  the  sub- 
stantial sul)sidies  provided  in  federal 
housing  projects  did  not  permit  rents 
low  enough  for  the  poorer  families 
who  had  previously  lived  in  the  slum 
areas.  For  this  reason,  many  slum 
clearance  laws,  and  the  Illinois  rede- 
velopment law  as  well,  provide  that 
a  project  may  not  be  undertaken  un- 
less it  is  found  that  there  will  be  ade- 
quate housing  elsewhere  for  the  dis- 
placed groups. 

In  Chicago  and  other  cities  the  prob- 
lem is  further  complicated  by  ques- 
tions of  race.  Negroes  are  prevented 
from  moving  to  other  areas  by  legal 
and  social  restrictions  that  have  pro- 
duced, in  Chicago,  a  virtual  "ghetto." 
The  Negro  community,  having  far 
more  than  its  share  of  low  income 
families,  will  inevitably  be  seriously 
affected  by  large-scale  redevelopment 
plans  unless  special  consideration  is 
given  to  its  needs. 

The  problem  of  displacement,  being 
just  one  facet  of  the  problem  of  pov- 
erty, has  no  easy  or  single  solution. 
Some  of  the  present  occupants  of  slum 
housing  will  be  able  to  afford  the  rents 
of  the  redevelopment  project.  Others 
will  find  second-hand  housing  vacated 
by  families  moving  into  the  new  proj- 
ects or  other  new  housing.  Provision 
must  be  made  for  many  in  subsidized 
public  housing.  For  the  rest,  a  solution 
can  be  expected  only  if  there  is  a  con- 
tinued general  increase  in  levels  of  real 
income. 

Some  other  problems  of  relocation 
can  only  be  mentioned  here.  One  is 
the  need  to  educate  the  re-housed  slum 
dweller  so  that  he  will  not  abuse  his 
new  surroundings.  In  particular,  there 
must  be  developed  in  him  such  a  pride 
in  his  community  that  he  will  not  tol- 
erate his  own  or  his  neighbor's  poor 
housekeeping,  exhibited  in  such  foruis 
as  garbage-strewn  alleys.  That  such 
education  is  possible  has  been  demon- 
strated in  many  housing  projects,  pub- 
lic and  private.  That  such  education 
is  needed — and  not  only  for  low- 
income  groups  and  slum  dwellers — is 
amply  demonstrated  by  Chicago's 
alleys  and  paper-littered  parks. 
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general  catalog  on  wires 
and  cables  contains  information  on  conduc- 
tors and  coverings,  materials  and  fabrica- 
tions, and  a  selector  chart.  Engineering 
students  may  obtain  a  free  copy  of  this 
booklet  by  writing  for  Bulletin  OK- 102  8 A. 
The  Okonite  Company,  Passaic,  New  Jersey. 


OKONlTE 

INSULATED  WIRES  AND  CABLES 


Still  another  problem,  related  to  the 
race  question,  is  that  of  uprooting  in- 
dividuals from  communities  in  which 
they  have  lived  for  many  years,  and 
to  which  they  are  tied  by  social,  re- 
ligious, national,  and  other  associa- 
tions. Particularly  in  areas  occupied 
by  first-generation  immigrants  s))eak- 
ing  a  foreign  language,  this  matter 
cannot  be  treated  lightly.  It  explains 
why  such  groups  so  often  Ititterly  re- 
sist "progress"  that  would  destroy  the 
associations  which  mean  so  much  to 
them. 

Redevelopment  In  Chicago 

It  should  l)e  clear  from  the  previous 
discussion  that  redevelopment  is  no 
simple  cure-all.  On  the  other  hand, 
whatever  the  difficulties,  it  represents 
the  only  tangible  hope  for  curing  the 
rot  that  has  infected  the  centers  of 
our  cities  and  forced  to  the  suburbs 


many  of  their  residents  who  prefer 
long  commuting  hours  to  the  unpleas- 
ant surroundings  of  the  central  city. 

Chicago  is  now  witnessing  a  cour- 
ageous attack  on  blight  in  its  South 
Side  by  institutions  which  are  located 
there,  and  which  have  decided  to  fight 
the  battle  at  their  present  locations, 
rather  than  surrender  and  move  else- 
where. Illinois  Institute  of  Technology 
and  Michael  Reese  Hospital  are  tak- 
ing tlie  lead  in  this  Ijattle.  They  have 
decided  that  their  investments  in  their 
present  sites  justify  a  determined  at- 
tempt to  remodel  their  surroundings 
rather  than  to  move  to  other  locations 
where,  a  generation  later,  they  may 
be  caught  again  in  the  cycle  of  de- 
terioration. The  area  selected  for  re- 
construction is  bounded,  roughly,  )jy 
Twelfth  Street  on  the  north,  Forty- 
Seventh  Street  on  the  sotitli,  the  Penn- 
sylvania Railroad  tracks  on  the  west, 
and  the  lake  on  the  east.  Each  insti- 


tution has  taken  primary  responsibil- 
ity for  the  area  immediately  adjoin- 
ing its  own  plant,  l)ut  success  for  the 
project  will  require  the  enthusiastic 
cooperation  of  other  institutions  lo- 
cated in  the  community,  as  well  as  the 
Chicago  Hotising  Authority,  Planning 
Commission,  and  Redeveloi)ment  Cora- 
mission.  Steps  toward  securing  com- 
munitv  cooperation  have  lieen  taken 
with  the  recent  formation  of  the  South 
Side  Development  Association. 

The  story  of  this  project  is  too  long 
to  be  told  here,  but  the  recent  adop- 
tion, in  Illinois,  of  redeveloj)mnt  legis- 
lation makes  the  prospect  more  hope- 
ful than  it  has  ever  ])een  l)efore.  Suc- 
cess in  this  project  will  represent  one 
of  the  most  important  achievements 
in  city  planning  and  community  de- 
velopment that  the  United  States  has 
witnessed.^ 
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(Continued  from  page  25) 

chemical  engineeriiifi,  plastics,  dyes 
and  intermediates,  oil  technology,  and 
mining  and  metallurgy;  their  lahora- 
tories  contain  quite  modern  equip- 
ment. At  Cawnpore  there  is  the  Insti- 
tute of  Sugar  Technology  and  Delhi 
has  a  good  polytechnic.  Mysore  and 
Madras  have  engineering  colleges  and 
occupational  institutes.  The  Indian  In- 
stitute of  Science,  where  the  Nohel 
Laureate,  Sir  C.  V.  Raman,  is  work- 
ing, the  Board  of  Industrial  and  Sci- 
entific Research,  the  Tata  School  of 
Fundamental  Research,  the  Imperial 
Council  of  Agricultural  Research,  and 
the  Fuel  Research  Institute  are  insti- 
tutions of  higher  learning  and  research 
and  have  made  notahle  contrihutions 
to  knowledge,  both  fundamental  and 
applied.  Arrangements  for  the  start- 
ing of  the  National  Physical,  Chem- 
ical, and  Metallurgical  Laboratories 
are  fairly  complete. 

With  all  these,  it  has  to  be  said  that 
the  educational  needs  of  the  country 
are  not  fully  met.  India  is  a  rich  vast 
continent  containing  a  teeming  400 
millions  and  well-planned  technical 
and  general  educational  facilties  must 
be  offered  on  a  much  larger  scale  than 
are  available  now,  before  tlie  country 
could  be  put  on  a  pace  of  vigorous 
industrialization  and  progress.  The 
need  has  Iieen  well  realized  and  a 
scheme  of  education,  worked  out  by 
the  Educational  Adviser  to  the  Gov- 
ernment of  India,  Sir  John  Sargent, 
which  would  cost  al)out  300  crores  of 
rupees  when  in  full  operation,  is  l)e- 
fore  the  nation.  It  envisages  the  rais- 
ing of  literacy  to  a  high  percentage  and 
offers  increased  facilties  for  technical 
training  not  only  in  the  high  school 
stage,  l)ut  also  at  higher  levels.  Some 
of  us  who  are  in  this  country  now  re- 
ceiving training  in  various  institutions 
will  probably  be  asked  to  fill  posts  in 
such  schools.  The  practical  type  of  in- 
struction which  we  are  having  now 
in  this  country  will  be  of  great  value 
to  us  when  we  are  back  in  our  country. 

The  actual  scheme  of  education  in 
India  is  as  follows.  The  elementary 
.school  is  the  place  where  tlic  pupils 
pick  up  the  fundamentals,  the  3  R's. 
They  tlien  go  to  the  "middle  schools," 


which  in  a  rough  way  correspond  to 
the  junior  high  schools  of  America. 
After  four  years  of  stay  here,  the 
pupils  enter  the  high  school.  At  this 
stage  they  take  up  either  science  and 
mathematics  or  the  humanities  as  the 
basis  of  their  future  specialization. 
Only  those  who  have  studied  mathe- 
matics and  science  are  eligible  to  enter 
the  university  or  branch  off  to  the 
technical  high  school.  The  university 
course  comprises  two  stages.  The  first 
stage  which  runs  for  two  years  is  called 
the  "intermediate  course;"  the  subse- 
quent four  years  comprise  the  actual 
degree  course  in  the  particular  sub- 
ject of  the  pupil's  choice.  For  the  engi- 
neering degrees,  therefore,  the  stu- 
dents will  have  to  successfully  go 
through  six  years  of  university  train- 
ing. Degrees  ai-e,  however,  conferred 
only  after  the  student  has  completed 
six  months  of  practical  training  in  his 
field,  in  a  factory  or  office  of  recog- 
nized standing.  The  engineering  cur- 
ricula are  all  modeled  after  those  of 
foreign  universities  but  emphasis  is 
placed  on  local  conditions  and  local 
needs.  The  study  of  Indian  economics 
and  of  technical  drawing  forms  part 
of  an  engineer's  course.  Chemical  en- 
gineering is,  however,  only  a  j^oung 
profession  in  India  and  it  is  being 
offered  only  in  three  or  four  univer- 
sities. In  recent  times,  increased  atten- 
tion is  being  paid  to  this  and  more 
universities  will  offer  courses  in  chem- 
ical engineering. 

"Self  is  a  subject  inexhaustilile;" 
one  knows  no  end  when  one  begins 
to  talk  or  write  of  himself  or  his  coun- 
try. One  point,  however,  is  important 
to  recognize.  Our  world  is  in  the  throes 
of  a  vast  change.  With  two  wars  in  a 
single  generation  people  have  lost 
faith  in  the  goodness  of  men.  They 
have  begun  to  doubt  if  people  can 
come  together  at  all  and  build  a  good 
world  for  all  to  live  in.  We  hope  that 
this  unique  opportunity  provided  us 
of  coming  over  to  this  country  will 
help  us  know  each  other  better  and 
contribute  in  our  own  small  way  to- 
wards the  greater  world  understand- 
ing and  cooperation.  Come,  therefore; 
stop  us;  and  talk  to  us.  We  shall  know 
each  other  Ijetter. 
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TORQUEMETER 

(Continued  from  page  22) 

automobile  engine  delivering  thirty 
horsepower  at  three  thousand  RPM. 
Oscillograms  were  obtained  of  in- 
stantaneous or  dynamic  engine  char- 
acteristic torque  pulsations  under  nor- 
mal and  abnormal  conditions.  For  ex- 
ample, the  results  of  cutting  out  one 
cylinder  is  shown  in  the  torque  oscillo- 
gram. Fig.  2.  The  instrument  proved 
to  be  very  insensitive  to  mechanical 
vibration  and  electrical  noise  pickup. 

These  tests  on  stationary  and  ro- 
tating shafts  have  provided  definite 
evidence  of  the  soundness  of  the  un- 
derlying theory  and  of  the  practicality 
of  constructing  a  compact,  accurate, 
and  reliable  torquemcter,  operating  on 
this  principle.  The  capability  of  the 
instrument  to  respond  properly  to 
torsional  pulsations  and  transients  has 
lieen  clearly   demonstrated. 

Present  And  Future 
Development 

The  results  of  tests  performed  on 
the  present  experimental  model 
torquemeter  indicate  that  the  unit 
possesses  a  high  degree  of  mechanical, 
electrical,  and  thermal  stability.  How- 
ever, the  need  for  more  complete 
fundamental  data  of  both  qualitative 
and  quantitative  nature  is  recognized. 
The  immediate  program  of  research 
includes  the  following  fields  of  investi- 
gation: 

1.  Tests  on  various  methods  of  spray- 
ing, plating  or  bonding  optimum 
torque-sensitive  surface  films  or  ma- 
terials onto  practical  engine  power 
shaft   surfaces. 

2.  Exploration  and  extension  of  the 
temperature  range  within  which  the 
torquemeter  can  be  made  operative. 

3.  Construction  of  a  pickup  unit 
made  in  two  halves  so  that  it  will  en- 
compass a  shaft  provided  there  is  a 
short  section  available.  This  will  avoid 
the  necessity  of  slipping  the  pickup 
unit  over  the  end  of  the  shaft  as  is  done 
with  the  present  model. 

4.  Design  and  construction  of  an 
electric  unit  having  much  smaller 
physical  dimensions,  simplified  elec- 
trical circuit  and  improved  perform- 
ance. 


Conclusion 

Tests  have  conclusivelv  verified  the 
theoretical  predictions  and  demon- 
strated the  practicality  of  construct- 
ing a  compact,  accurate,  and  reliable 
torquemeter  operating  on  this  prin- 
ciple, which  can  provide  oscillograph- 
ic indication  of  torque  pulsations  or 
transient  torsional  loads  and  stresses. 
The  fields  of  usefulness  for  such  a 
device  are  numerous.  For  example,  it 
has  been  suggested  by  airlines  opera- 
tions engineers  that  flight  monitoring 
(by  the  flight  engineer)  of  engine 
torque  pulsations,  cylinder  by  cylin- 
der, would  be  a  valuable  aid  in  check- 
ing engine  operation  and  diagnosing 
maintenance  requirements.  For  this 
type  of  measurement,  and  for  measure- 
ment of  torsional  vibration,  an  instru- 
ment capable  of  accurate  dynamic  re- 
sponse and'  indication  is  necessary. 
Such  an  instrument  would  also  have 
many  applications  connected  with  re- 
search and  testing  of  mechanical 
power  transmission  systems  of  all 
kinds,  both  in  the  lal)oratory  and  in 
the  field. 

Recognizing  that  the  torque-respon- 
sive or  pickup  unit  is  of  very  great 
importance  in  torquemeter  design,  and 
that  the  same  unit  must  be  readily  and 
widelv  applicable  to  a  great  number 
of  power  transmission  devices  without 
requiring  appreciable  modification 
of  the  latter,  the  Armour  Research 
Foundation  is  pleased  to  report  prog- 
ress on  this  entirel)-  new  and  different 
form  of  torque  responsive  device. 
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to  the  comfort  of  all  of  us.  Do  we 
take  ordinary  precautions  against  in- 
jury to  life  and  property  by  fire  or 
other  accident?  Let's  play  it  safe,  and 
ask  the  other  fellow  to  do  so.  The  stu- 
dent can  do  more  in  this  matter  than 
the  faculty  or  tlie  administration.  The 
Institute  is  for  men  and  women  of  abil- 
ity and  studious  haliits.  Our  students 
are  a  good  bunch.  The  rigor  of  our 
requirements  for  admission,  for  re- 
maining at  the  Institute,  and  for  grad- 
uation is  one  of  our  most  important 
assets.  Do  we  all  take  maximum  ad- 
vantage of  the  many  opportunities  for 
activities  outside  the  classroom — in 
the  fraternities  and  scientific  societies, 
in  religious  and  other  cultural  groups? 
What  about  propaganda  to  this  end? 
Do  we  have  an  amused  tolerance  for 
the  liberal  arts  schools,  with  their  less 
demanding  programs?  Let's  guard 
against  the  smug  satisfaction  that  says 
"'Us  engineers  don't  need  no  English." 
(Dean  Peebles  wrote  a  good  article 
on  that  text  years  ago.)  On  the  other 
hand,  have  we  a  feeling  of  inferiority 
when  we  think  of  our  lil)eral  arts 
friends,  forgetting  that  a  well-trained 
engineer  is  and  must  be  an  educated 
man  and  a  cultured  citizen,  whose  edu- 
cation continues  as  long  as  he  lives? 
Let's  propagate  the  idea  that  we 
have  an  outstanding  opportunity,  that 
we  are  doing  well,  that  in  many  re- 
spects we  can  do  l)etter.  If  that  is 
preaching,  propaganda,  missionary 
work,  we  need  not  be  ashamed  of  it. 
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'7t  is  not  the  finding  of  a  thing,  but  the  making  something  out  of  it  after  it  is  found,  that  is  of  consequence" 

>  —JAMES  RUSSELL  LOWELL 


Why  some  things  get  better  all  the  time 


Take  the  modern  electric  light  bulb,  for  ex- 
ample. Its  parts  were  born  in  heat  as  high  as  6,000  F. 
...  in  cold  as  low  as  300°  below  zero  .  .  .  under  crush- 
ing pressure  as  great  as  3,000  pounds  per  square  inch. 
Only  in  these  extremes  of  heat,  cold  and  pressure 
did  nature  yield  the  metal  tungsten  for  the  shining 
filament .  .  .  argon,  the  colorless  gas  that  fills  the  bulb 
.  .  .  and  the  plastic  that  permanently  seals  the  glass 
to  the  metal  stem.  And  it  is  because 
of  such  materials  that  light  bulbs 
today  are  better  than  ever  before. 
The  steady  improvement  of  the 
electric  light  bulb  is  another  in- 
stance of  history  repeating  itself  For  man  has  always 
had  to  have  better  materials  before  he  could  make 
better  things. 
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and  with  vacuums  and  great  pressures.  Units  of  UCC 
now  separate  or  condjine  nearly  one-half  of  the  many 
elements  of  the  earth. 
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in  llic  iiialtcr  of  reaction  time  sliould 
result  in  substantial  reduction  in  num- 
ber and  severity  of  accidents.  It  may  be 
argued  that  annual  "refresher"  tests 
and  instructions  are  desirable. 

Nothing  in  this  brief  discussion  is 
intended  to  implv  that  the  mere  giving 
of  tests  will  improve  a  driver's  reaction 
time.  The  tests  indicate  and  record. 
They  are  useful,  but  they  do  not  in 
themselves  produce  safe  drivers. 

Obviously,  the  problem  of  highway 
safety  involves  many  factors  besides 
those  discussed  here.  On  the  engineer- 
ing side,  great  progress  has  been  made 
in  the  improvement  of  road  surface,  in 
traffic  control  signals,  in  the  arrange- 
ment of  grade  intersections,  in  su])er- 
highways,  in  effective  traffic  distribu- 
tion, in  four-wheel  brakes,  in  wind- 
shield wipers  and  defrosters,  and  in 
many  other  things.  In  the  actual  pre- 
vention of  collisions,  the  ])rohlcni  of 
decelerating  and  stopping  a  vehicle  in- 
volves tire  conditions,  the  weather,  the 
condition  of  the  brakes,  the  density  of 
traffic,  and  other  matters.  Nevertheless, 
intelligent  understanding  of  the  reac- 
tion time  factor  by  the  driver  would 
prevent  manv  accidents.  As  an  elemen- 
tary illustration,  with  low  visibility 
the  rate  of  travel  would  be  reduced.  To 
put  the  matter  more  broadly,  the  driv- 
er would  have  the  same  kind  of  knowl- 
edge of  his  own  characteristics  as  he 
has  of  the  capabilities  of  his  car.  Both 
are  necessary. 
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Electronics  in  Railroading 


Electronic  science  has  become  in- 
dispensable to  modern  railroading  and 
will  undoubtedly  play  a  leading  part  in 
the  further  progress  of  the  transporta- 
tion art,  C.  D.  Young,  Vice-President 
in  charge  of  Purchases,  Stores,  and  In- 
surance, Pennsylvania  Railroad,  re- 
cently told  the  faculty  and  students  of 
Mount  Union  College  at  Alliance, 
Ohio. 

Mr.  Yomig  maintained  that  signal 
apparatus  in  locomtive  cabs  "is  with- 
out doubt  the  greatest  advance  that  has 
ever  been  made  in  railroad  signaling 
and  one  of  the  most  important  con- 
tributions to  railroad  safety." 

"Cab  signals."  he  said,  "involve  the 
use  of  electronic  apparatus,  located  in 
the  engine  cab,  which  picks  up  by  in- 
duction— that  is.  across  an  air  space — 
impulses  from  electric  currents  in  the 
rails.  It  then  steps  up  these  impulses 
so  that  they  operate  two  signal  panels 
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located  inside  the  cab.  One  panel  is 
before  the  eyes  of  the  enginenian  and 
the  other  faces  the  fireman.  On  these 
panels,  comliinations  of  electric  bulbs 
reproduce,  within  the  cab,  the  indica- 
tions of  the  wayside  signals.  In  that 
manner  the  safe  and  uninterrupted 
operation  of  the  train  is  rendered  inde- 
pendent of  fog,  snow,  rain,  or  other 
conditions  affecting  outside  visibility." 

The  Induction  Train 
Telephone 

Another  electronic  principle  devel- 
oped bv  the  railroad  is  the  induction 
train  telephone,  he  {lointed  out.  add- 
ing: 

"This  is  a  device  which  permits  tele- 
phone communication  Ijetween  one 
moving  train  and  another,  between 
moving  trains  and  wayside  towers,  and 
lietween  the  ends  of  trains  regardless 
of  their  length  or  track  curvatures. 
The  induction  train  telephone  is 
neither  radio  nor  wire  telephony.  It 
utilizes  features  of  both  methods  of 
coninninication  that  are  desiral)lc  in 
raihoad  operation  and  eliminates  oth- 
er undesirable  features. 

"Instead  of  depending  upon  radio 
waves,  broadcast  into  space  in  all  di- 
rections, and  caj)able  of  being  picked 
up  by  all  similarly  tuned  receiving 
sets  within  range,  we  proceeded  to  de- 
vise a  scheme  which  would  confine  the 
transmission  paths  to  railroad  prop- 
ertv.  We  wanted  to  avoid  the  need 
for  assigijment  of  wave  lengths  and  to 
prevent  conflict  with  radio  reception." 

Po  accomplish  this,  Mr.  Young  ex- 
|ilaiiii'(l.  the  Pennsylvania  uses  the 
track  rails  as  transmission  paths,  sup- 
plemented jjy  wires  strung  on  j)oles 
erected  along  the  tracks.  Installed  in 
the  engine  cal)  are  suitaljlc  electronic 
and  other  apparatus,  together  with  a 
telephone  receiver  and  transmitter. 

"When  an  operator  in  a  wayside 
lower  wants  to  talk  to  an  enginenian 
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in  his  cajj,  he  continued,  the  vibrations 
of  the  operator's  voice  in  his  trans- 
mitter sends  out  minute  electrical  im- 
pulses over  the  transmission  paths  and 
these  impulses  are  picked  up  induc- 
tively ])y  the  electronic  devices  in  the 
cab,  across  the  air  spaces  between  the 
cab  and  the  wayside  wires  or  track. 
The  impulses  are  then  magnified  mil- 
lions of  times  in  volume  and  converted 
into  audible  sound  in  the  engineman's 
receiver.  When  the  enginenian  replies, 
a  reverse  chain  of  events  takes  place. 

Connects  Engineman 
And  Conductor 

"When  the  calioose  of  a  long  freight 
train  is  similarlv  equipped,  the  en- 
gineman at  the  front  of  the  train  and 
the  conductor  in  the  cabin  car  at  the 
rear  end  can  converse  with  each  other 
at  will.  Either  of  them  can  also  talk  to 
the  crews  of  other  trains  within  the 
territory  equipped  for  this  form  of 
coinniunication.  and  with  the  op- 
erators at  wayside  towers." 

He  disclosed  that  in  1944  the  Penn- 
sylvania started  to  apply  the  train  tele- 
phone svstem  to  two  exceedinglv  busy 
mainline  divisions,  the  Middle  Divi- 
sion, extending  from  Harrisburg,  Pa., 
to  Altoona.  Pa.,  and  the  Pittsburgh  Di- 
vision, from  Altoona  to  Pittsburgh,  a 
total  distance  of  245  miles,  with  four 
running  tracks  the  entire  distance,  in 
addition  to  numerous  sidings. 

"The  installation  is  at  present  over 
95  per  cent  completed  and  is  largely 
in  use,"  he  reported.  "The  project  in- 
volves equipping  for  induction  tele- 
phone intercommunication  some  300 
passenger  and  freight  locomotives,  90 
freight  train  cabin  cars,  13  strategic- 
ally located  wayside  towers,  and  all 
four  main  tracks,  totaling  980  track- 
miles.  We  anticipate  that  everything 
will  be  finished  before  the  end  of  the 
present  year." 
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How  are  we  going 
fo  make  it?  • 


A  pilot  plant  has  yielded  its  result — an 
improved  gasoline,  a  better  motor  oil, 
maybe  a  synthetic  oil,  maybe  one  of 
the  new  chemicals. 

Now  come  the  big  questions.  How 
are  we  going  to  make  it — commercially? 
What  equipment  will  we  need?  What's 
the  best  way  to  design  the  equipment? 
Out  of  what  materials  shall  it  be  made? 

This  is  one  type  of  fascinating  prob- 
lem that  will  be  tackled  and  solved  iii 
these  engineering  buildings  which  are 
to  be  constructed  in  our  new  technical 
and  administrative  center  at  Ham- 
mond, Indiana,  near  Chicago.  Mag- 
nificently equipped,  these  buildings  will 
provide  our  engineers  every  facihty  for 
taking  their  essential  part  in  turning 
test  tube  dreams  into  useful  reahties. 

Here  will  be  grouped  engineers  fol- 
lowing many  congenial  pursuits;  those 
who  design  our  manufacturing  equip- 
ment, those  responsible  for  our  main- 
tenance, inspection  and  field  engineer- 
ing, and  our  cost  engineering. 

Here,  too,  a  task  force  of  research 
engineers  will  work  in  modern  labora- 
tories. Some  of  the  channels  into  which 


their  explorations  will  lead  are: 

Research  in  engineering  materials,  especially  in  metallurgy;  physical 
testing  of  construction  materials;  theoretical  mechanics;  applied  me- 
chanics, especially  as  it  relates  to  the  underlying  principles  of  engi- 
neering and  the  research  tools  needed  by  other  divisions,  and  also  the 
industrial  aspects  and  possibilities  of  nuclear  energy;  electronic  de- 
velopments; exploratory  engineering  and  estimating  associated  with 
the  development  of  new  processes  and  products. 

These  new  engineering  facilities  will  hum  with  such  activities 
and  others  vitally  important. 
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NAVY  DEPARTMENT 

The  Civil  Engineer  Corps  of  the 
United  States  Navy  will  shortly  hold 
examinations  to  commission  75  quali- 
fied graduate  engineers,  22  to  30  years 
old,  as  Lieutenant  (junior  grade)  in 
the  Civil  Engineer  Corps  of  the  Navy. 

Eligible  are  native  or  naturalized 
citizens  with  three  vears  engineering 
experience,  two  of  them  subsequent  to 
receipt  of  their  degree,  or  the  military 
equivalent.  Applicants  must  be  phys- 
ically, mentally,  morally  and  profes- 
sionally fit.  Applications  may  be  ob- 
tained and  filed  at  nearest  Offices  of 
Naval  Officer  Procurement. 

Exams,  to  be  held  on  two  separate 
days,  will  consist  of  a  2^/2  hour  general 
engineering  test,  an  oral  exam,  and  a 
90-minute  test  on  engineering  prob- 
lems. None  of  the  exams  will  require 
special  preparation  as  questions  will 
test  general  engineering  knowledge  of 
the  applicant. 

An  important  consideration  in  these 
examinations  will  be  the  candidates 
experience.  Exams  will  not  ]je  aimed 
at  the  man  fresh  from  textbooks, 
capable  of  extensive  quotations.  Pref- 
erable is  the  man  with  experience  and 
vision,  who  has  developed  ability  to 
reason,  and  initiative  to  solve  prob- 
lems set  liefore  him. 


NEW  PERMANENT 
MAGNET  MATERIALS 

Five  new  permanent  magnet  ma- 
terials .  .  .  cunico,  cunife,  vectolite, 
alnico  12,  and  silmanal  .  .  .  were  an- 
nounced early  this  year  liy  the  General 
Electric  Company.  These  new  mate- 
rials have  many  applications  in  the 
manufacture  of  aircraft  instruments  as 
well  as  other  industrial  uses  where 
small  lightweight  magnets  formed  in 
intricate  shapes  are  required. 

CI  NICO  is  an  alloy  of  copper, 
nickel  and  cobalt.  Cunico  magnets  arc 
made  from  rod,  strip  or  wire  stock, 
and  are  furnished  only  in  their  final 
shapes  because  they  arc  age-hardened 
in  the  manufacturing  process.  Cunico 
is  malleable,  ductile  and  machinable, 
permitting  the  manufacture  of  small 
magnet  screws  from  this  material  by 
ordinarv  screw  machine  methods,  and 
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the  punching  of  intricate  magnet 
shapes. 

CUNIFE  is  a  copper -nickel -iron 
alloy  which  has  all  the  physical  prop- 
erties of  cunico.  However,  cunife  dif- 
fers from  cunico  in  that  it  has  di- 
rectional properties  and  must  be 
magnetized  only  along  the  direction 
in  which  the  material  lias  been  worked, 
to  obtain  highest  magnetic  quality. 
Cunife  magnets  are  made  from  wire 
stock  in  round,  square  or  rectangular 
form.  In  addition,  cunife  wire  can  be 
flattened  to  make  thin,  narrow  shapes. 
A  wide  variety  of  magnet  designs  can 
be  obtained  bv  forming,  drawing, 
punching  or  machining  cunife  to 
shape. 

VECTOLITE  is  the  first  non- 
metallic,  nonconducting  magnet  ma- 
terial ever  made.  It  is  a  hardened, 
sintered  combination  of  iron  rust  and 
copper  oxides  mixed  when  still  in 
]>owder  form.  Vectolite  magnets  arc 
extremely  light,  being  nonmetallic. 
and  their  nonconductive  properties 
])revent  electrical  losses  caused  by  con- 
duction of  current.  In  addition,  they 
have  a  high  coercive  force,  or  resist- 
ance to  demagnetizing  forces. 

ALNICO  12  is  made  up  of  alumi- 
num, nickel,  colialt,  iron  and  titanium. 
Magnets  made  from  this  material  can 
be  used  in  sucii  applications  as  in 
tachometer  generators  and  electronic 
devices. 

SILMANAL  has  a  high  intrinsic 
coercive  force.  Magnets  made  irom 
this  material  are  very  useful  in  in- 
struments where  service  in  strong 
electrical  fields  is  required.  Silmanal 
which  is  ductile  and  malleable  can  be 
punched,  machined,  rolled,  or  groinid. 
Because  of  its  ductility,  silmanal  can 
be  made  in  rod.  strip  or  wire  form. 


STAR  GAZER 

Scientists  of  the  California  Institute 
of  Technology  are  back  at  work  com- 
j)lcting  the  worlds  largest  telescope, 
the  200-inch  giant  installed  atop  Mt. 
Palomar  in  California.  Progress  on  the 
instrument,  which  is  expected  to  en- 
able astronomers  to  peer  one  billion 
light  years  into  space,  was  interrupted 
by  the  war. 

Resumption  of  work  on  the  tele- 
scope recalls  many  of  the  ticklish  engi- 


neering problems  involved  in  building 
the  huge  500-ton  mounting  that  will 
support  the  200-inch  mirror  and  op- 
tical system.  Toughest  of  these,  j)er- 
haps,  was  the  job  of  fabricating  and 
machining  the  317,000-pound  horse- 
shoe bearing  on  which  the  telescope 
will  ride  on  its  tour  of  the  skies. 

The  bearing,  along  with  the  rest  of 
the  mounting,  was  built  at  the  West- 
inghouse  works  in  South  Philadelphia, 
which  was  assigned  the  job  because 
it  was  one  of  the  few  plants  in  the 
world  with  space  and  equipment  large 
enough  to  handle  it.  But  the  task  of 
machining  the  steel  surface  of  the 
bearing  to  the  specified  tolerances  re- 
quired a  boring  mill  larger  than  any 
heretofore  used.  So  the  bearing  was 
shipped  via  three  freight  cars  to  the 
East  Pittsburgh  j)lant,  where  a  boring 
mill  —  already  one  of  the  world's 
largest — was  enlarged'  to  a  diameter 
of  forty-four  feet.  Then  began  tht 
work  of  j)aring  off  the  steel  luitil  the 
bearing  was  within  five  one-thou- 
sandths of  an  inch  of  a  perfect  circle. 

Almost  innnediatelv  engineers  ran 
into  trouble  from  sun  rays  streaming 
through  shop  windows.  Everv  after- 
noon at  four  o'clock  the  bearing  began 
to  swell  from  the  sun's  heat,  sometimes 
as  much  as  thirteen  thousands  of  an 
inch.  At  night  it  contracted.  After  sev- 
eral partially  successful  efforts  to  solve 
the  problem,  engineers  finally  built  a 
"sun-bonnet"  around  the  bearing  that 
reduced  temperature  fluctuations  by 
fifty  per  cent. 

Then,  because  the  bearing  must  sup- 
port a  million-pound  load,  engineers 
had  to  bend  it  literally  out  of  shape 
so  that  it  would  be  squeezed  back  into 
a  perfect  circle  when  the  telescope 
rested  on  it.  Some  idea  of  the  meager 
tolerances  engineers  had  to  work  with 
can  be  gained  from  the  fact  that  the 
telescope  must  be  sighted  with  an 
angle  of  error  so  small  that  at  three 
miles  two  lines  drawn  from  a  single 
point  would  be  only  an  inch  apart. 
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Items  of  Interest  to  Students  of  Chemistry,  Engineering,  Physics,  and  Biology 

Chemistry  Provides  New  Colors  for  New  Cars 


In  Detroit  this  spring,  automotive  engi- 
neers and  designers  were  shown  a  dozen 
cars  finished  in  glowing  colors  never  be- 
fore seen  on  any  automobile — colors 
that  diffused  and  reflected  light  back  to 
the  eye  from  within  the  finish  instead  of 
from  the  surface. 

These  new  "Duco"  Metalli-Chrome 
lacquers  which  attracted  industry-wide 
attention  are  expected  to  give  new 
beauty  and  durability  to  America's  cars. 
The  story  behind  their  development  is 
an  interesting  one. 

New  Techniques  for  Pigment 
Preparation 

As  many  commercial  pigments  are  now 
made,  they  are  precipitated  from  chem- 
ical solutions  in  the  form  of  fine  parti- 
cles, which  are  then  dried,  ground  and 
reground  with  a  liquid  vehicle  to  pro- 
duce the  final  paint,  enamel  or  lacquer. 
The  fineness  of  the  particle-size  largely 
determines  the  luster  of  the  finish.  Al- 
though mechanically  ground  pigment 
particles  can  be  made  extremely  fine, 
they  are  not  nearly  as  small  as  the  par- 
ticles originally  precipitated. 

A  few  years  ago  a  program  of  research 
was  started  by  Du  Pont  scientists  to 
try  to  take  advantage  of  the  very  fine 
particles  formed  by  precipitation.  They 
proposed  to  eliminate  the  drying  and 
grinding  processes  entirely  —  to  trans- 
fer the  microscopically  sized,  precipita- 
ted, hydrated  pigment  particles  directly 
from  the  mother  solution  to  the  lacquer 
vehicle. 

Extended  study  by  organic  and  col- 
loid chemists,  physicists  and  chemical 
engineers  finally  solved  this  problem. 
The  procedure  consists  of  mixing  the 
wet  pigment  in  a  heavy-duty  mill  with 
water- wet  nitrocellulose, dibutylphthal- 
ate  and  castor  oil.  Dibutyl  phthalate 
forms  a  colloidal  solution  with  nitro- 
cellulose. The  colloid  absorbs  the  castor 
oil  and  pigment,  but  eliminates  the 
major  portion  of  the  water  as  a  sepa- 
rate insoluble  phase. 


A  New  Range  of  Color  Effects 

After  the  method  of  transferring  wet 
pigment  particles  had  been  established, 
the  second  development  in  this  program 
was  the  practical  utilization  of  precipi- 
tated ferric  hydroxide.  Although  it  had 
been  used  for  a  long  time  as  an  inter- 
mediate for  the  manufacture  of  dry  fer- 
ric oxide  pigment,  ferric  hydroxide  in 
the  wet  form  as  a  pigment  had  been  ap- 
plied only  to  a  very  limited  extent  and 
its  true  value  had  gone  unrecognized. 
When  used  in  conjunction  with  the  new 
process,  wet  ferric  hydroxide  produced 
a  lacquer  of  unusual  brilliance  and  dur- 
ability. In  combination  with  other  pig- 
ments, a  whole  new  range  of  color  effects 
became  possible. 

Because  of  their  extremely  small  pig- 
ment particle-size,  the  Metalli-Chromes 
are  somewhat  translucent,  having  a  dis- 
tinctive, soft  innerglow.  This  lustrous 
depth  is  furtherenhanced  by  introducing 
into  the  film  aluminum  particles  which 
act  like  mirrors  to  reflect  the  light  with- 
in the  finish. 

Not  only  are  these  new  lacquer  fin- 
ishes more  lustrous  and  more  beautiful, 
but  they  are  also  more  durable,  as  proved 
by  four  years  of  laboratory  and  road- 
testing.  "Duco"  Metalli-Chrome  lac- 
quer is  a  worthy  newcomer  to  the  ever- 


lengthening  list  of  developments  by 
men  of  Du  Pont  that  have  helped  in  the 
mass-production  of  automobiles  and  the 
creation  of  new  industries,  new  markets, 
new  job.s  for  millions  of  Americans. 
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Questions  College  Men  ask 
about  working  with  Du  Pont 

WILL  I  FIND  COMPETITION 
DIFFICULT  AT  DU  PONT? 

It  is  to  be  expected  that  there  will  be 
competition  in  an  organization  where 
every  effort  is  made  to  select  the  best 
trained  and  most  promising  graduates. 
However,  such  competition  is  not  de- 
liberate or  is  it  on  an  elimination  basis. 
New  employ^^  are  given  every  oppor- 
tunity to  grow  in  the  organization. 

Technical  undergraduates  and  gradu- 
ate students  will  be  interested  in  the  new 
booklet.  "The  Du  Pont  Company  and 
the  College  Graduate."  Write  to  2521 
J  Building,  Wilmington,  Del. 


More  facts  about  Du  Po^r-Listen  to  "Cavalcade  of  America,"  Mondays,  8  P.M.  EST,  on  NBC 


BETTER    THINGS    FOR    BETTER    LIVING 
...THROUGH    CHEMISTRY 


DU    PONT    OE    NEMOURS    &    CO.    (INC.) 
WILMINGTON  98,  DELAWARE 


:)ECEMBER,    1946 


59 


What  you  should  know- 
about  the  TINKEN  BEARING 

ESSENCE  OF  PERFORMANCE 

Timken  introduced  the  tapered  principle  over  48  years  ago  to 
obtain  an  anti-friction  bearing  with  the  abihty  to  carry  radial 
loads,  thrust  loads  or  any  combination  of  the  two.  During  the 
ensuing  long  period  of  engineering  development  and  experi- 
ence, a  constant  refinement  of  design  has  taken  place,  making 
the  Timken  Bearing  of  today  supreme  in  performance. 

Here  are  the  three  most  important  features  exemplified  in  the 
design  of  the  Timken  Bearing. 


1.TRUE  ROLLING  MOTION 

This  basic  necessity  is  accomplished  by  making  all  lines  coincident 
with  the  tapered  surfaces  of  the  rollers,  cup  and  cone,  meet  at  a 
common  apex  on  the  axis  of  the  bearing.  Figure  1.  True  rolling 
motion  always  has  been  incorporated  in  the  Timken  Bearing. 


2.  POSITIVE  ROLLER  ALIGNMENT 

During  the  development  of  the  Timken  Bearing,  as  speed,  load  and 
accuracy  requirements  increased,  various  methods  were  used  to 
stabilize  the  rollers  and  prevent  them  skewing  on  the  raceways.  The 
problem  finally  was  solved  by  so  designing  the  roll  end  and  cone  rib, 
that  when  generated  during  bearing  production,  perfectly  smooth, 
mated  working  surfaces  are  obtained  at  the  contact  area,  which  keeps 
the  rollers  positively  and  permanently  aligned  on  the  raceways,  re- 
duces friction  at  this  vital  point  to  the  minimum  and  eliminates 
initial  wear.  The  light  areas  on  the  ends  of  the  rollers  in  Figure  2 
show    gent;rati.-d  contact  of  roller  ends  with  tone  rib. 


3.  MULTIPLE  PERFORATED  GAGE 

All  the  openings  in  the  Timken  Bearing  cage.  Figure  3,  are  stamped 
out  in  one  operation  by  means  of  multiple  perforating  dies  made 
to  extremely  close  precision  tolerances.  This  assures  exact  center- 
to-center  spacing  of  the  rollers  around  the  periphery  of  the  race- 
ways, so  that  every  roller  takes  its  full  share  of  the  load  when  the 
bearing  is  in  operation. 


A  thorough  knowledge  of  Timken  Bearing  design  and  application 
will  be  one  of  your  best  assets  when  you  graduate  to  enter  the 
professional  engineering  field.  Begin  to  acquire  it  now. 
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1947... Figuring  to  Go  Places! 


It's  never  too  early  to  start  fif^uring  out  that 
"grand  tour"  .  .  .  and  right  now  many  a  hap|)y 
family  is  mapping  out  a  long-awaited  trip  to  far 
away  places.  Tiiey  know  that  tires  won't  hold 
them  back  .  .  .  for  tire  replacement,  well  imder 
way  in  1946,  will  be  readily  handled  in  "47.  ^Nlanu- 
facturers  estimate  that  their  output  of  car,  truck 
and  bus  tires  will  be  adequate  to  ecpiip  all  new 
vehicles,  no  matter  how  jjleasantly  high  auto- 
motive production  figures  may  run. 

Witco  ])lays  an  imi)ortant  role  in  the  1947  tire 
production  program  as  a  manufacturer  of  carbon 
black,  which  gives  tires  their  resistance  to  wear 
and  makes  it  possible  for  you  to  plan  a  long  trij) 
without  even  thinkintj  of  tire  troul)le.  (Witco  also 


produces  vibration  dampeners  and  ru.st  preven- 
tives that  make  your  car  ride  more  (juietly  and 
last  longer.) 

Tlirough  1947,  Witco  will  help  many  otiier  in- 
dustries meet  their  stepped-up  production  figures 
.  .  .  providing  dependable  chemicals  for  use  in 
paints,  linoleums,  plastics,  ceramics,  printing 
inks,  leather,  |)aper,  drugs  and  cosmetics. 

To  go  places  in  '47  .  .  .  figure  on  Witco! 


Witco  Chemical  Co.mpany,  '295  Madison 
Avenue,  \ew  York  17,  N.  Y.;  Boston;  Chicago; 
Detroit;  Cleveland;  .Vkron;  San  Francisco;  Los 
Angeles  .  .  .  London  and  Manchester,  England 


WJTCO      CilEMtfA  L 

MANUFACTURERS  AND 


Company 

EXPORTERS 


y^  ^your 

gift  bundles  with  these 

cheery  cartons  of 

Christmas  Chesterfields 

They  Satisfy. 


CHESTEKFIELD 


R/G//r    COMB/A/AT/OA/-  IVORIO'S   B£ST  TOBACCOS 

Copyright  19h6.  Liggett  &  Mviirs  Tobacco  Co. 
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Experience  taught  miluons  the 
differences  in  cigarette  auauty! 


YouirT'Zorie 
will  "tell  you,.. 

Tftr  Taste... 
T-fyrfhroat.. 

-fWs  your  proving 

ground -Ihr  any  a^fB^. 

See  }p  Camels  doflf- 

su'&  j^/T-Zone" 


Result;  Many  millions  more  people 
found  that  they  liked  Camels  best. 

ITS  ONLY  a  memory  now.  the  war  cigarette  shortage. 
But  it  was  during  that  shortage  that  people  found  them- 
.selves  comparing  brands  whether  they  intended  to  or  not. 

And  millions  more  people  found  that  the  rich,  full 
flavor  of  Camel's  superb  blend  of  choice  tobaccos  suited 
their  Taste  to  a  "T."  And  that  their  Throats  welcomed 
the  kind  of  cool  mildness  Camels  deliver. 

Tiius  the  demand  for  Camels  .  .  .  always  great  .  .  .  grew 
greater  still ...  so  great  that  today  more  people  are  smok- 
ing Camels  than  ever  before. 

But.  no  matter  how  great  the  demand,  this  you  can  be 
sure  of: 

Camel  quality  is  not  to  be  tampered  with.  Only  choice 
tobaccos,  properly  af^ed,  and  blended  in  the  time-honored 
Camel  icav,  are  used  in  Camels. 


Accorc/i'ng  to  a  recent  A^afionwide  surv^-- 


More  Doctors 
SMOKE  Camels 

t/ian  any  ot^er  cigarette 


Vhei.  lluie  iiidepci.dciU  rtsc 
sked  113,597  doctors-Wha 
moke.  Doctor?— MeJraiirf  nan 


TAX  AUTHORITY 

The  Story  of 

DONALD  MILLHAM 


THE  average  man  who  stews  over 
the  filing  of  his  annual  tax  return 
is  apt  to  shake  his  head  quizzically- 
over  Donald  L.  Millham. 

While  he  was  in  charge  of  General 
Electric  tax  accounting,  Don  used  to 
file  more  than  500  returns  a  year  - 
and  like  it.  In  some  years  the  sums 
he  paid  out  in  taxes  exceeded  the 
Company's  net  income  by  more  than 
four  times. 

Although  he  has  a  new  job  today 
— the  difficult  and  important  one  of 
Comptroller  for  the  company — Don 
maintains  an  active  interest  in  cor- 
porate taxation  and  is  still  considered 
one  of  the  company's  tax  authorities. 

A  career  in  corporate  taxation  prob- 
lems is,  Don  admits,  short  on  glamor, 
long  on  hard  and  diligent  work.  In 
his  early  years  with  G.E.  he  had 
learned  a  great  deal  about  business 
methods  in  the  company's  Business 
Training  Courses,  and  had  worked  as 
an  accountant  and  traveling  auditor. 
But  until  1935  he  had  little  more  to 
do  with  taxation  than  the  filing  of  his 
own  returns. 

Then  an  opportunity  opened  in  tax 
accounting.  He  took  the  offer  and 
learned  the  background,  the  technical 
language,  the  legal  complexities  of  his 
job  as  he  did  it. 

By  meeting  the  challenges  of  an 
exacting  and  constantly  expanding 
field  of  endeavor,  Donald  Millham 
has  made  for  himself  a  career  with 
General  Electric  that  is  useful  and 
important,  and  which  has  held  his 
interest. 

Next  to  schools  and  the  U.S.  Govern- 
ment, General  Electric  employs 
more  college  engineering  graduates 
than  any  other  organization. 
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Ip    pay    his    way    through    Union    Col- 

After    graduating 

with    honors,    he 

enrolled 

Don     worked     for     General      Electric 

in  the  G-E  Business 

Training    Course 

,  gained 

3    summer    vacations,  operating    a    drill 

insight   into   moderr 

business  opera 

ion. 

For  five  years  Don  worked  as  a  travelling 
auditor,  made  a  good  record.  In  1935,  with- 
out any  prior  experience  in  taxation,  he  took 
over  General   Electric  tax  accounting. 


Learning  the  job  as  he  worked  at  it,  he 
became  the  company's  tax  authority,  filing 
500  returns  a  year.  Today  he  has  the 
difficult   and    important  job   of  Comptroller. 
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David  P.  Boder  is  Professor  of  Ps)- 
chology  and  director  of  the  Psychological 
Museum  at  Illinois  Institute  of  Technol- 
ogy. He  received  his  early  training  in 
Russia  and  at  the  University  of  Leipzig, 
Germany.  From  1921  to  192  5  he  was 
Professor  of  Psychology  at  the  National 
University  of  Mexico  and  at  the  same  time 
directed  research  in  psychology  at  the 
Federal  district  prisons,  at  the  Military 
College  and  at  the  National  School  of  Ag- 
riculture. He  has  his  master's  degree  from 
the  University  of  Chicago,  his  Ph.D.  from 
Northwestern  University.  Dr.  Boder  has 
been  connected  with  Illinois  Institute  of 
Technology  since  1927,  first  as  instructor 
and  subsequently  as  Professor  of  Psychol- 
ogy. He  founded  the  Psychological  Mu- 
seum in  1937.  During  the  war  he  was 
psychological  advisor  for  the  Signal  Corps 
program  at  Illinois  Institute  of  Technol- 
ogy. During  the  summer  of  1946  he  made 
an  interview  study  of  displaced  persons  in 
France,  Switzerland,  Italy,  and  the  Amer- 
ican zone  in  Germany. 

Ida  Marie  Didier,  Assistant  Profes- 
sor of  Home  Economics,  received  the  B.S. 
degree  at  North  Dakota  Agricultural  Col- 
lege and  the  M.S.  at  the  University  of 
Chicago.  She  has  been  home  adviser  with 
the  University  of  Illinois  Extension  Serv- 
ice in  Coles  County,  Illinois,  has  taught 
textiles  and  clothing  at  the  Colorado  Ag- 
ricultural and  Mechanical  Arts  College, 
was  head  of  the  home  economics  depart- 
ment at  Marygrove  College,  and  since 
1941  has  been  at  the  Illinois  Institute  of 
Technology.  In  the  summer  of  1946  she 
was  a  guest  teacher  in  the  home  economics 
department  at  the  University  of  Minne- 
sota. During  the  war  she  lectured  on  "The 
Textile  Situation  in  Wartime"  on  the 
Consumer  Education  Program  for  the 
Office  of  Civilian  Defense.  Miss  Didier  is 
a  member  of  Chicago  Textiles,  Clothing 
and  Related  Arts  Forum,  American  Home 
Economics  Association,  and  American  As- 
sociation of  Textile  Chemists  and  Color- 
ists.  She  was  a  member  of  the  Committee 
on  Revising  the  Clothing  Section  of  the 
Standard  Budget  for  the  Chicago  Welfare 
Association. 

Linton  E.  Grinter  is  Research  Pro- 
fessor of  Civil  Engineering  and  Mechanics 
at  Illinois  Institute  of  Technology.  Dr. 
Grinter  came  to  the  Institute  from  Texas 
A.  and  M.  College  in  1937.  He  was  suc- 
cessively head  of  the  department  of  civil 
engineering,  dean  of  the  graduate  school 
and  vice  president  of  the  Institute  from 
1937  to  1946.  He  is  now  devoting  his  time 
largely  to  graduate  teaching  and  the  di- 
rection of  thesis  research.  In  1946,  Dr. 
Grinter  acted  as  Institute  representative  at 
two  international  engineering   congresses 

See  COISTRIBVTORS  on  page  4 
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In  this  machine  a  flexible  shall  (arrow) 
power  from  the  main  drive  and  carries  i/  or' 
right  angle  turn  to  drive  an  auxiliary  mech 
Compare  the  simplicity  of  this  arrangemer 
any  other  possible  means  of  doing  this  job. 


•om    the    engine    to    drivt 
eter    generator    at*  the   upper    right, 
ady  adaptability  at  flexible  shafts 


for  all  Icinds  of  driy 


are  metal  muscles  expressly  created  for 
performing  two  functions  in  mechanical 
bodies: 

(1)  Transmission  of  rotational  power. 

(2)  Mechanical  remote  control. 

S.S.White  flexible  shafts  offer  such  im- 
portant advantages  that  it  will  pay  to 
consider  their  use  every  time  a  power 
drive  or  remote  control  problem  comes 
up  in  engineering  design. 

Suppose,  for  example,  you  have  to 
transmit  power  from  one  part  of  a  ma- 
chine to  another  where  a  straight  line 
drive  is  not  practicable.  The  fewest  parts 
with  which  it  can  be  done  is  an  S.S.White 
flexible  shaft  — a  single  mechanical  ele- 
ment that  will  provide  a  positive  drive 
between  practically  any  two  points,  re- 
gardless of  turns,  obstacles  or  distance. 

This  basic  simplicity,  plus  their  ready 
adaptability  to  a  wide  range  of  power 
drive  and  remote  control  conditions  and 
requirements,  are  main  reasons  why 
S.S.White  flexible  shafts  are  used  to  the 
extent  of  millions  of  feet  annually  —  and 
why  engineers  will  find  it  helpful  to  be 
familiar  with  the  range  and  scope  of 
these  Metal  Muscles. 


WRITE    FOR    BULLETIN    4501 

This  bulletin  will  give  you  the  basic  information  and 
technical  data  about  flexible  shafts  and  their  uses. 
A  copy  is  yours  for  the  asking.  Please  mention  your 
college  and  course  when  you  write. 


S.SWHITE 


THE  S.  S.  WHITE  DENTAl  MFG.  CO. 


INDUSTRIAL 


DIVISION 


OEPT.C,    10   iAST   40th   ST.,  NtW  TORK    16,  N.».   H 


COHTIACT    PLASTIO   MOtOINO 
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held  in  Paris.  This  trip  gave  him  an  oppor- 
tunity to  trace  to  their  source  some  of  the 
philosophies  of  education  that  he  had  ob- 
served in  the  training  of  American  and 
foreign  students.  His  paper  published  in 
this  issue  was  written  for  Latin  American 
readers.  It  will  be  published  in  Spanish  in 
the  Spring  issue  of  Notas  de  MacmiUan 
for  distribution  in  Central  and  South 
America. 

Dr.  Walter  Hendricks,  Professor  of 
English  and  Head  of  the  Department  of 
Language,  Literature,  and  Philosophy  for 
the  past  fourteen  years,  has  been  a  member 
of  the  faculty  of  Illinois  Institute  of  Tech- 
nology since  1922.  In  1934,  as  Chairman 
of  the  Board  of  Publications,  he  was  in- 
strumental in  re-establishing  the  Engineer 
and  Alumnus  and  served  as  Editor  for  the 
first  four  years.  "Bivouac  in  Biarritz"  is 
a  thumbnail  sketch  of  some  of  Dr.  Hen- 
dricks' experiences  at  Biarritz  American 
University  which  he  helped  to  organize 
and  of  which  he  was  Head  of  the  Depart- 
ment of  English,  in  1945-46.  Dr.  Hen- 
dricks is  now  leaving  the  Institute  to  be- 
come President  of  Marlboro  College,  in 
Vermont. 

H.  B.  Michael  is  in  charge  of  the 
Burglary  Protection  Department  at  Un- 
derwriters' Laboratories,  Inc.  A  graduate 
of  Purdue  University  with  the  B.S.  degree 
in  Mechanical  Engineering,  he  has  served 
in  the  Automobile  and  Casualty  Depart- 
ment of  the  Laboratories,  and  has  been  in 
his  present  post  since  1922.  He  is  a  mem- 
ber of  Underwriters'  Laboratories'  Bur- 
glary Protection  Council,  of  the  Western 
Society  of  Engineers,  and  of  the  Acousti- 
cal Society  of  America.  Mr.  Michael  was 
formerly  consultant  to  the  Scientific 
Crime  Detection  Laboratory  (Northwest- 
ern University). 

Hugh  J.  McDonald  is  Professor  of 
Chemistry  and  Director  of  the  Corrosion 
Research  Laboratory.  His  professional  rec- 
ord is  reported  in  the  Contributor's  col- 
umn of  the  December,  1946,  issue. 

J.  Henry  Rushton,  Professor  of 
Chemical  Engineering  and  Director  of  the 
Department,  holds  the  B.S.  and  Ph.D.  de- 
grees of  the  University  of  Pennsylvania. 
He  has  taught  at  Drexel  Institute  of  Tech- 
nology, the  University  of  Michigan,  and 
the  University  of  Virginia;  has  been  en- 
gaged in  industry  and  in  consulting  prac- 
tice; is  author  of  many  publications  and 
contributor  to  several  textbooks;  and  is 
co-author  of  a  recent  book  titled  Process 
Eqidpinenf  Design.  During  the  war  he 
served  with  the  National  Defense  Research 
Committee  of  OSRD  as  a  technical  aide 
and  as  a  section  chief.  His  particular  re- 
sponsibility was  correlation  of  all  research 

See  CONTRIBUTORS  on  page  60 
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To  help  bridge  the  gap  between  college  and  in- 
dustry, Westinghouse  many  years  ago  established 
its  Graduate  Student  Training  Course.  This  plan 
has  provided  practical  training  for  more  than  14,000 
college  graduates  in  its  more  than  50  years  of 
operation. 

Through  basic  training  in  industrial  methods 
and  organization,  plus  practical  work  assignments 
to  prepare  the  way  for  future  specialization,  the 
course  equips  graduates  to  find  their  most  effective 
place  in  the  Westinghouse  organization. 

A  new  booklet.  Finding  Your  Place  in  Industry, 
describes  this  course  in  detail.  It  also  contains 
many  helpful  suggestions  on  choosing  the  right 
job  and  the  right  company — regardless  of  what 
career  you  plan  to  follow. 

Get  your  copy  of  this  helpful  book  at  once. 
It's  free!  u-10005 


^^stindiouse 

PLANTS   IN   25   CITIES  .  .  .  C_^    OFFICES   EVERYWHERE 


Here's  help 
in  bridging 
this  gap 


W>^ 


^ 


To  obtain  copy  of  Finding  Your  Place  in  Industry,  consult 
Placement  Officer  of  your  university,  or  mail  this  coupon  to: 

The  District  Educational  Coordinator 

IT  estinghouse  Electric  Corporation 

20  A.  Jf  acker  Drive,  P.O.  Box  B,  Zone  90 

Chicago  6,  Illinois 


Name 

College 

Address- 


City_ 
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By   WALTER    HENDRICKS 


Everyone  reiiiemljers  the  fierce  swift 
strokes  of  the  last  few  rounds  of  the 
war.  They  represented  the  cumulative 
strength  of  a  military  colossus  that  had 
grown  mightier  with  each  succeeding 
day.  Finally  came  the  knockout,  the 
elation  of  victory,  and  then  the  strange 
and  disconcerting  quietness  of  peace. 

For  the  Army  this  meant  a  prolilem 
of  what  to  do  with  its  millions  of  men, 
because  it  knew  from  experience  that 
once  the  objective  is  attained  morale 
rapidly  disintegrates. 

Fortunately,  plans  had  been  pre- 
pared against  this  eventuality;  and 
now  were  set  in  motion  the  gears  of 
such  an  educational  experiment  as  had 
never  before  been  attempted,  either  in 
time  of  peace  or  war. 

It  was  a  program  of  education  under 
the  direction  of  the  Army  to  provide 
courses  in  skills  or  studies  for  all  who 
had  the  freedom  and  the  inclination  to 
improve  their  idle  time.  It  included 
correspondence  courses  and  vocational 
training,  as  well  as  general  and  tech- 
nical education  both  elementary  and 
advanced. 

In  any  far-flung  operation,  involving 
elaborate  organization,  advancement 
must  battle  against  incompetence  and 
even  ignorance,  apathy,  downright  op- 
position, and  partiality.  Soon,  also 
the  program  had  to  contend  with  re- 
deployment and  demobilization, 
against  which  any  plan  depending  on 
continuity  of  effort  must  falter.  But 
criticism  or  evaluation  of  the  program 
in  general  is  outside  the  scope  or  in- 
tention of  this  article.  Here  we  are 
concerned  with  only  a  small  segment, 
the  part  having  to  do  with  higher  edu- 
cation, and  particularly  at  the  Army 
university  in  France. 

Shortly  after  the  conclusion  of  the 
war  in  Europe,  a  viniversity  was  estab- 
lished at  Shrivenham,  England,  in  a 
permanent  British  military  installa- 
tion, besides  a  technical  school  at 
Warton.  The  problem  of  finding  a  site 


Dr.    Hendricks   in   uniform  of  civilian 
instructor. 

for  a  university  in  France,  however, 
presented  almost  insurmountable  dif- 
ficulties. First,  there  was  the  demoli- 
tion of  town  and  city  by  the  invading 
army,  as  well  as  wholesale  destruction 
by  the  Germans.  Then  there  was  the 
occupation  by  the  armies  themselves 
with  their  millions  of  men  and  the 
commandeering  of  needed  space  and 
facilities  in  centers  l)oth  large  and 
small. 

But  far  down  in  the  southwestern 
corner  of  France  lay  Biarritz,  which 
caught  the  eye  of  the  directors  of  the 
program.  Location,  climate,  oppor- 
tunities for  rest  and  recreation,  and 
the  friendliness  of  the  citizens  of  the 
community  combined  to  make  this  a 
most  fortunate  choice.  The  selection 
was  made  about  the  middle  of  June. 
By  the  middle  of  July,  a  faculty  of 
about  three  hundred  instructors  had 
been  assembled,  and  by  the  middle  of 
August  the  university  was  in  full  opera- 
tion with  three  thousand  students. 

Biarritz  is  situated  on  the  Bay  of 
Biscay,  about  twenty  miles  from  the 
Spanish  border.  Toward  the  west  lies 
the  Atlantic,  toward  the  south  and  cast 
the  Pyrenees,  and  toward  the  north 
the  flat  coastal  plain.  For  centuries  a 
sleepy  little  fishing  village,  it  woke 
one  day  to  find  itself  famous,  put  on 


the  map,  as  it  were,  liy  Napolean  III 
and  Princess  Eugenie,  who  erected  a 
pretentious  villa,  which  later  was 
transformed  into  a  palatial  hotel.  It  is 
the  town  where  Queen  Victoria  vaca- 
tioned on  her  tree-embroidered  estate. 
the  town  where  the  gay  Edward  VII 
romped,  where  Spanish,  Serbian,  and 
Swedish  royalty,  Russian  nobility, 
Belgian  financiers,  and  Argentinian 
cattle-ranchers  danced,  and  gambled, 
and  idled  away  their  time  and  money. 
It  is  the  town  where,  according  to  gos- 
sip, the  lover-king  Edward  met  his 
American  lady,  for  whom  he  later  gave 
up  his  crown  and  an  empire. 

Gambling  casinos  and  swanky  hotels 
dominate  the  coast ;  gay  shops,  fashion- 
able and  attractive,  but  now  depleted 
of  stocks,  ornament  the  avenues;  mag- 
nificent, but  frequently  gaudy,  villas 
jostle  one  another  in  the  town;  while 
quaint  Basque  houses  tie  the  town  to- 
gether to  give  it  its  color  and  attrac- 
tion. 

This  was  the  town  and  these  were 
the  buildings  the  Army  took  over  for 
its  university.  The  Casino  Municipale 
blossomed  forth  as  a  library,  lecture 
hall,  and  theatre.  The  large  room  in 
which  stood  the  games  of  chance  was 
now  bordered  with  bookshelves  and 
spread  with  tables  made  of  rough  lum- 
ber by  German  PWs.  The  ornate 
Palais  Hotel  and  the  more  modern 
Miramar  stepped  out  of  their  role  and 
became  barracks  for  GI's.  The  once 
magnificent  Villa  Begonia  now  domi- 
ciled and  entertained  American  pro- 
fessors instead  of  Spanish  royalty  and 
a  European  smart  set.  Other  hotels  ac- 
commodated the  various  departments 
of  the  university,  and  other  villas 
housed  other  members  of  the  faculty. 
Needless  to  say,  the  professors,  for  the 
most  part,  lived  in  a  grandeur  to  which 
their  professional  salaries  had  hardly 
allowed  them  to  become  accustomed, 
and  the  GI's  enjoyed  a  vacation  such 
as  they  may  never  again  experience. 
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Imagine  the  thrill  of  the  GI,  who 
having  spent  two  or  three  years  in  the 
thick  of  battle,  could  now  sink  between 
white  sheets  in  a  downy  bed  in  a  room 
overlooking  the  ocean,  and  sit  at  a 
table  with  a  cloth  on  it,  and  with  a  nap- 
kin, and  with  dishes  and  tableware, 
and  be  attended  by  a  French  waitress. 

One  might  conjecture  that  such  com- 
fort and  luxury,  not  to  mention  the 
broad  beach  and  the  daring  batliinii 
costumes,  would  be  a  distraction  that 
would  seriously  compete  with  the  ed- 
ucational process.  That  they  were  a 
fascination,  and  as  much  so  to  the  re- 
juvenated professors  as  to  the  adven- 
ture-minded GI's,  there  is  no  doubt, 
but  that  they  conflicted  with  the  ol)- 
jectives  of  the  university  would  be  vig- 
orously denied  by  everyone. 

On  the  contrary,  there  never  was 
such  a  school,  never  such  an  assembly 
of  eager  and  co-operative  students, 
never  such  a  collection  of  inspired,  or 
at  least  fei-vent,  teachers.  The  three- 
hundred  professors  came  from  more 
than  150  colleges  and  universities, 
from  forty  of  the  forty-eight  states; 
the  students  represented  all  walks  of 
life,  all  parts  of  the  country,  all  mili- 
tary units,  all  races  and  beliefs,  and  all 
military  ranks.  Within  the  classroom 
they  were  all  equal,  and  the  civilian  in- 
structors, regardless  of  their  back- 
ground or  position,  were  plain  "mis- 
ter." 

Students  attended  for  eight  weeks, 
and  then  returned  to  their  units  for 
further  orders.  Only  a  small  number 
of  honor  students  were  privileged  to 
remain  for  a  second  term.  Each  student 
carried  three  courses,  of  his  own  selec- 
tion, in  one  or  more  fields,  meeting 
five  times  a  week,  for  a  total  of  forty 
hours  per  course.  The  ground  covered 
was  equivalent  to  that  of  a  semester  at 
home,  and  frequently  more.  The 
courses  were  the  same  as  those  taught 
by  the  professor  in  his  own  institution, 
except  that  in  some  instances  conces- 
sions had  to  be  made  because  of  scar- 
city of  equipment  or  lack  of  materials. 

This  lack,  however,  was  frequently 
more  than  compensated  for  by  field 
trips  and  special  projects.  Excursions 
into  the  Pyrenees,  to  quaint  Basque 
villages,  to  farms,  educational  institu- 
tions, art  museums,  prehistoric  caves, 
shrines,    and    manufacturing    plants 


The  Municipal  Casino,  the  gambling  hall  to  the  right  serving  as  a  library,  the  wing  to  the  left 
as  a  concert  and  lecture  hall,  and  the  center  as  a  theatre.  The  building  at  the  extreme  left 
was  used  for  chemistry,  the  hotels  to  the  right  of  it  were  a  few  of  the  many  used  as  student 
quarters,  and  the  larger  building  at  the  extreme  right  was  a  department  store  converted  into 
a  GI   recreation  center. 


added  vitality  to  a  course.  Interest 
never  flagged,  even  though  the  student 
had  no  book,  no  chair,  no  heat.  There 
was  enough  else  out  of  which  to  make 
a  great  course. 

Activities  were  as  varied  as  they 
were  numerous.  In  the  late  summer 
and  early  fall  there  was  swimming  in 
the  surf  and  promenading  along  the 
beach.  There  were  tennis  courts,  a  golf 
course,  an  atliletic  field,  and  a  gym- 
nasium. Sectional  winners  in  tennis 
and  golf,  from  the  European  Theater 
of  Operations,  came  to  Biarritz  to 
settle  their  championships. 

A  new  play  was  provided  each  week 
by  the  students  of  the  school  of  drama. 
Some  of  these  plays  were  coached  by 
a  special  director  flown  from  New 
York  or  Hollywood.  Musical  concerts 
were  a  continuous  repast,  frequently 
interspersed  with  piano,  organ,  and 
violin  recitals  by  talented  American 
soldiers  or  distinguished  French  art- 
ists. There  were  unforgettable  Basque 
concerts,  vocal  and  instrumental,  and 
Basque  games  and  festivals,  given  for 
the  delight  and  edification  of  the 
American  soldiers.  Lectures  were  con- 
tinuous, sometimes  two  or  three  an 
evening,  on  the  subject  of  marriage, 
or  small  business,  or  what  to  do  with 


Germany,  or  the  writings  of  members 
of  the  Resistance. 

From  what  has  been  written,  one 
might  gather  that  here  at  last  was  an 
Army  enterprise  in  which  red-tape 
and  irresponsibility  played  no  part. 
But  that  is  not  so.  From  first  to  last 
there  was  a  chorus  of  complaint.  For 
the  GI's,  this  represented  merely  a 
state  of  mental  health,  but  for  the  in- 
structor it  meant  anguish,  frequently 
bordering  on  despair. 

An  order  for  theater  equipment  is- 
sued in  July  was  arbitrarily  canceled 
three  days  later,  but  the  instructor  did 
not  learn  of  it  until  the  first  week  in 
Septeml)er.  Warehouses  in  Paris  were 
Ijulging  with  pianos,  but  the  instructor 
in  music  had  to  get  hold  of  a  trailer 
and  pick  up  what  instrunu'nts  he  could 
find  in  Belgium.  An  instructor  in  eco- 
nomics sent  an  order  for  books  to  head- 
quarters in  Paris  only  to  have  it  re- 
turned to  him  five  weeks  later  for  a 
correct  address,  which  incidentally, 
was  the  office  next  to  that  of  the  officer 
who  had  returned  the  order.  Heads  of 
departments  were  rushed  from  the  first 
convocation  to  make  out,  for  the  third 
or  fourth  or  fifth  time,  new  orders 
for  books,  on  the  ground  that  this  time 
See  BIARRITZ  on  page  46 
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ENGINEERING  AGAINST  CRIME 


By    H.    B.   MICHAEL 


A   WORD  AGAINST   CRIME 

Every  thirty  seconds  somewhere  in 
America  a  burglary,  roljhery,  or  theft 
is  taking  place.  These  crimes  against 
property  are  for  profit,  and  they  are 
largely  preventable.  Then  why  not  pre- 
vent them?  Because  there  are  two  or 
three  million  commercial  properties 
without  adequate  protection,  so  that 
an  army  of  criminals  find  it  profitable 
to  operate.  They  escape  detection  and 
apprehension  for  awhile  and  think 
they  are  too  smart  to  he  caught  at  all. 

Unfortunately,  glowing  accounts  of 
the  criminal's  "haul"  appeal  to  and  in- 
fluence thousands  of  juveniles.  Ac- 
cording to  the  F.B.I. ,  more  than  fifty 
per  cent  of  persons  arrested  in  1945  for 
crimes  of  this  sort  were  twenty-five 
years  of  age  or  less.  Almost  forty  per 
cent  were  less  than  twenty-one.  This  is 
the  real  danger  of  leaving  property 
unprotected. 


SCIENCE  TAKES  A  HAND 

Crime  seems  to  run  in  cycles  or 
waves,  yet  it  is  as  old  as  civilization. 
Key  locks  constructed  of  wood  were 
in  use  on  money  chests  in  Egypt  4000 
years  ago.  Protection,  then,  is  an  old 
art,  but  it  is  comparatively  new  as  a 
science. 

Twentv-five  years  ago  prominent 
underwriting  groups  began  to  realize 
the  economic  necessity  of  protection 
engineered  to  fit  the  hazard.  Profes- 
sional crimes  were  being  skillfully 
planned,  timed,  and  executed.  The 
horse  and  buggy  days  were  gone. 
Something  was  needed  to  cope  with 
the  ingenuity  and  methods  of  the  mod- 
ern crook.  Underwriters'  Laboratories 
was  asked  to  develop  Standards  where- 
jjy  protective  appliances  could  be  class- 
ified as  to  merit  and  be  thus  recog- 
nized. 

Tliis  approacli  had  liecn  quite  sue- 


High    velocity    and    high    kinetic    energy    small    arms    used    in    testing    bullet-resisting    glass. 


cessful  in  fire  protection  and  safety 
fields.  In  fire  protection,  automatic 
sprinklers  were  demonstrating  an  en- 
viable record  of  controlling  almost 
ninety-seven  per  cent  of  fires  involving 
them.  Was  it  possible  to  approach  such 
a  record  in  outwitting  the  criminal? 
It  was  possible  and  it  has  been  done. 
During  the  past  ten  years,  approved 
automatic  burglar  alarms  have  oji- 
erated  as  intended  in  more  than 
ninety-seven  per  cent  of  all  attempts  on 
mercantile  protection.  Bank  vault 
alarms  have  an  even  more  impressive 
record  of  no  successful  attempts  in 
twenty  years.  Usually  insurance  under- 
writers recognize  these  installations  so 
that  often  they  literally  pay  for  them- 
selves in  a  few  vears. 

THE  REASON  WHY 

Let  us  examine  the  reasons  for  such 
a  performance  record.  The  l)urglar 
alarm  will  serve  as  an  example.  From 
the  beginning,  the  Laboratories'  Stand- 
ards have  required  closed-circuit,  self- 
supervisory  and  self-powered  systems 
with  electrical  as  well  as  mechanical 
tamper-protection  on  all  vulnerable 
components.  To  illustrate,  all  pro- 
tective wiring  and  attachments  op- 
erate so  that  failure  of  connections  or 
delil)crate  cutting  of  wires  l)y  a  burglar 
originates  an  alarm  or  troul)le  signal. 
A  cross  between  adjacent  circuits  pro- 
duces the  same  result.  In  Class  A  (or 
Grade  A)  systems  and  most  Grade  B 
systems,  grounding  of  the  wires  will 
not  render  the  protection  inoperative. 

Local  alarms  are  required  to  have 
the  large  outside  gongs  protected  by 
steel  cases,  electrically  "tampered"  and 
operated  from  well -protected  bat- 
teries. Tluis  it  will  be  seen  that  these 
systems  are  of  the  low-voltage,  self- 
contained  tvpe.  It  matters  not  if  burg- 
lars cut  all  outside  or  exposed  wires — 
the  system  will  continue  to  function. 
The  systems  do  not  depend  on  110-volt 
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Checking    the   speed   of  operation   of   a   vault   door    locking-device   when   a    torch    is  applied. 


supply  as  do  ordinary  electrical  ap- 
pliances. On  the  contrary,  they  usually 
operate  on  6  volt  ^vdth  a  few  thou- 
sandths of  an  ampere  supervisory  cur- 
rent. Naturally,  the  sensitive  nature  of 
such  systems  suggests  correspondingly 
rigid  tests  to  determine  reliability  of 
operation.  For  example,  tests  on  6/10 
of  rated  voltage,  and  for  effects  of 
vibration,  dust,  corrosion,'  high  and 
low  temperature,  rain  and  humidity 
are  standard  procedure. 

IMPORTANCE  OF   MAINTENANCE 

Assuming  that  circuit  design  and 
construction  is  engineered  to  fit  the 
service,  suppose  the  batteries  fail? 
What  about  maintenance?  A  fair  ques- 
tion and  an  important  one. 

Every  burglary  and  robbery-pro- 
tective installation  bearing  the  Lab- 
oratories' Certificate — more  than  25,- 


000  of  them — is  required  to  be  under 
care-contract  and  service  of  the  listed 
installing  company.  Without  such  sery - 
ice  an  operational  '"batting  average"  of 
better  than  ninety-seven  per  cent  over 
a  period  of  years  would  be  impossible. 
Service  companies  make  regular  in- 
spections yearly,  quarterly,  or  oftener 
if  necessary,  to  maintain  uninter- 
rupted service. 

CHECK  AND  DOUBLE  CHECK 

There  is  still  another  reason  for  ex- 
cellent field  performance.  In  this 
unique  protection  field,  the  super- 
vision by  Underwriters'  Laboratories, 
Inc.  does  not  end  with  periodic  re- 
examination or  inspection  and  labeling 
of  devices  at  the  factory-.  The  factory 
supervision  is  supplemented  by  in- 
spection and  test  of  a  substantial  per- 
centage of  installed  systems  wherever 


they  may  be  located.  In  the  case  of 
central  station  type  of  alarm  systems, 
the  supervision  includes  surprise  test 
alarms,  night  visits  to  stations,  review 
of  response  records,  and  numerous 
other  service  items.  In  addition,  the 
certificate  of  classification  on  each  in- 
stallation covers  extent  of  protection, 
that  is,  whether  partial  or  complete, 
whether  openings  only,  or  walls  and 
floors  as  well  as  openings  are  protected. 
Thus,  the  Laboratories'  supervision  in- 
cludes a  check  of  installation  meth- 
ods which,  in  the  case  of  fire  protection 
appliances,  are  covered  by  Codes  of 
inspection  bureaus,  and  of  city,  state 
or  other  authorities. 

PRINCIPLES   OF  DETECTION 

There  are  many  principles  besides 
closed-circuit  interruption  used  in  in- 
See  CRIME  on  page  52 
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TEXTILES 

By  Ida  Marie  Didier 


Not  many  years  ago  there  were  only 
four  major  fibers  in  use  for  clothing, 
household  fabrics  and  other  textile 
uses;  these  four  were  wool,  silk,  linen 
and  cotton.  Then  rayon,  a  synthetic 
fiber,  was  discovered  in  the  chemical 
laboratory  and  following  that  a  great 
variety  of  man-made  fibers  have  made 
their  appearance  each  with  its  own 
particular  qualities  and  character- 
istics. The  first  rayon  was  produced  in 
1885  but  not  until  1927  did  it  make 
any  real  progress  as  a  fiber  in  our  tex- 
tile markets.  Since  then  it  has  become 
of  major  importance.  In  1939  the  total 
rayon  consumption  in  the  United 
States  reached  4,532,300,000  pounds; 
in  1945  the  figure  was  5,923,900,000 
pounds  and  in  the  first  half  of  1946 
we  consumed  3,172,300,000  pounds. 
The  use  of  rayon  is  on  the  increase 
especiallv  since  improvements  on  the 
fiber  itself  have  been  made  and  the 
ever  increasing  numbers  of  new  fin- 
ishes have  been  added  to  give  it  new 
qualities  and  thereby  making  it  more 
desirable  for  the  many  purposes  for 
which  it  is  used. 

During  the  last  ten  years  fiber-glass, 
nylon,  vinyon,  aralac,  velon,  saran  and 
plexon  have  made  their  appearance 
in  a  variety  of  textiles.  Peanut  fiber 
and  redwood  fiber  which  have  had  con- 
siderable publicity  have  not  yet  ap- 
peared in  fabrics  on  the  market.  In  ad- 
dition to  these  fibers  we  hear  aliout 
alginate  fibers  which  have  been  man- 
ufactured in  some  foreign  countries  as 
well  as  terylene,  a  new  polyester  fiber 
still  in  the  experimental  laboratory  in 
Great  Britain.  When  and  if  it  will  be 
produced  depends  upon  source  mate- 
rials, equipment  and  the  cost  of  pro- 
duction. A  new  fiber  reported  from 
Italy  is  called  piumtal;  it  is  said  to 
have  wool  characteristics.  The  raw  ma- 
terials used   are   cellulose,   soda,   sul- 


phur, coal,  and  casein  or  feathers. 
When  it  will  reach  our  markets  is  un- 
predictable. It  all  depends  again  upon 
availability  of  raw  materials,  manu- 
facturing facilities,  and  cost  of  pro- 
duction. 

Textiles  are  going  through  a  period 
of  change,  expansion  and  develop- 
ment. These  changes  had  begun  before 
the  war,  but  due  to  the  many  military 
needs  and  uses,  they  were  speeded  up 
and  developments  came  rapidly  dur- 
ing the  past  few  years.  The  changes 
were  developments  of  the  new  man- 
made  fibers  and  also  included  improve- 
ments of  the  older  accepted  materials. 


Fiber  and  fabric  developments  have 
been  constantly  placed  before  the  pub- 
lic in  the  daily  papers,  magazines  and 
by  other  means  of  publicity,  often 
leading  the  consumer  to  form  the 
opinion  that  a  trip  to  the  retail  store 
would  find  the  article  readily  avail- 
al)le.  Many  of  these  so-called  new  de- 
velopments are  still  in  the  experi- 
mental stage,  some  are  making  their 
appearance  and  will  be  available  in 
very  limited  quantities,  some  will 
never  prove  to  be  satisfactory  nor  de- 
sirable. 

Wool,  which  is  one  of  our  oldest 
fibers,  has  had  many  new  qualities 
added  to  its  previously  existing  prop- 
erties. Washability  has  been  one  of 
the  most  desired  qualities.  In  a  recent 
survey  made  of  120  of  the  country's 
leading  department  stores,  ranging 
from  the  style  leaders  to  stores  special- 
izing in  large  volume  distribution, 
eighty  per  cent  asked  for  washable 
wools.  This  information,  coming  from 
thirty-five  states,  represented  the  opin- 
ion of  merchandising  managers,  buy- 
ers, and  sales  people  as  well  as  top 


A  study  of  labels  in  the  identification  and  care  of  fabrics. — Thelma  Samotny. 
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Study  of  construction  of  fundamental  weaves.  Subject  being  woven  is  twill.  Professor  Didier  and  Audrey  Brinkerhoff. 


executives.  Now  washable  wools  are 
becoming  a  reality;  however,  due  to 
lack  of  equipment,  labor  shortages, 
scarcity  of  materials,  and  other  factors 
we  find  only  limited  quantities  coming 
on  the  markets.  It  is  possible  that  very 
little  will  be  available  before  fall. 

There  are  several  methods  em- 
ployed in  shrinkproofing  wools  to 
make  them  washable.  Wool  shrinks 
progressively — that  is,  the  first  wash- 
ing does  not  take  out  all  the  shrinkage 
in  the  fabric — it  can  shrink  each  time 
it  is  laundered.  However  slight  that 
amount  may  be,  it  is  a  decided  dis- 
advantage in  any  textile  fabric.  The 
process  employed  must  control  this 
factor  so  that  a  stabilized  textile  re- 
sults. 


The  chlorinating  method  of  produc- 
ing washable  wools  was  first  perfected 
in  Great  Britain  before  the  war.  It  was 
used  very  successfully  in  treating  wool 
socks  for  our  military  forces  and  saved 
our  government  millions  of  dollars  on 
that  item  alone.  In  the  process  some 
of  the  outer  scales  are  removed  and  the 
inner  and  outer  layer  of  cells  fuse, 
thereby  reducing  the  shrinkage.  The 
wear  resistance  is  also  increased  thirty 
per  cent.  The  process  is  applied  to 
knitted  materials. 

Probably  the  greatest  development 
in  the  production  of  washable  wools 
has  been  by  the  resin  treatment  meth- 
od, whereby  the  resulting  fabrics  have 
not  over  a  five  percent  residual  shrink- 
age.  Some   manufacturers   claim   not 


over  three  per  cent  residual  shrinkage 
for  certain  fabrics  so  treated.  The  wool 
fiber  is  impregnated  with  resin  in  the 
finishing  process  and  the  tendency  of 
the  fiber  to  shrink  or  felt  is  removed. 
The  fabric  remains  soft  and  fine,  it 
will  not  stretch  or  sag,  and  has  crease- 
resisting  qualities.  Slight  changes  in 
the  construction  of  the  material  as  well 
as  changes  in  yarn  sizes  were  necessary 
to  produce  good  results.  These  changes 
have  had  tremendous  bearing  on  the 
type  and  amount  of  shrinkage  obtain- 
able as  well  as  the  feel  and  hand  of 
the  cloth.  This  treatment  is  applied 
to  both  woven  and  knitted  fabrics. 
Resin  finished  wools  are  beginning  to 
make  their  appearance  on  the  market 
in  ready-to-wear  goods.  It  will  take  a 
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longer  time  to  find  yard  or  piece  goods 
so  treated,  since  the  availalile  supply 
will  go  to  the  garment  manufacturing 
industries  first. 

A  new  process  has  heeu  patented  for 
shrinkproofing  wools,  which  also  elim- 
inates felting,  increases  resistance  to 
aln-asion  100  per  cent,  and  assures  un- 
diminished tensile  strength  in  the  fab- 
ric. The  process  can  Ije  combined  in 
one  operation  with  mildewproofing 
and  waterproofing  the  material. 

Felts  for  hats  are  being  made  water 
resistant  by  impregnating  them  with 
an  aqueous  dispersion  of  synthetic 
resins  in  combination  with  a  plasti- 
cizer  for  the  resin.  The  ultimate 
shrinkage  reached  is  somewhere  from 
five  to  ten  per  cent.  The  felt  possesses 
a  leather-like  quality,  l)eing  very  com- 
pact, having  high  tensile  strength,  and 
with  a  good  resistance  to  water  pene- 
tration. This  process  would  solve  some 
of  our  rainy  weather  proldems.  It  is  a 
British  patent. 

Wool  fabrics  are  and  will  play  a 
prominent  role  in  the  fashion  picture. 
Manufacturers  are  now  producing  ma- 
terials which  are  fast  in  color  to  sun- 
light,-cleaning,  washing,  and  perspira- 
tion as  well  as  other  factors.  The 
improvements  in  dyes  have  I)een  very 
extensive  during  the  past  few  years. 

Australia  is  experimenting  with  the 
production  of  fine  light-weight  wool- 
ens weighing  four  ounces  per  square 
yard  instead  of  the  previous  six  to  eight 
ounces.  Some  fabrics  as  fine  as  21/2 
ounces  per  square  yard  have  been  pro- 
duced. These  could  be  used  for  all- 
year-around  wear.  It  is  claimed  that 
these  wools  will  be  waslialtle,  easy  to 
iron,  non-crushable,  and  mothproofed 
when  they  reach  the  market. 

Mothproofing  of  wools  has  been  in 
progress  for  some  time.  This  is  a  much 
needed  improvement  since  moth  dam- 
age to  wool  fabrics  runs  into  millions 
of  dollars  per  year  in  our  country. 
Some  fabrics  carry  a  lifetime  guar- 
antee for  the  process  employed.  In 
others  the  finish  has  to  be  renewed. 
There  are  dry-cleaning  establishments 
which  will  renew  the  finish  on  request 
at  additional  cost  when  cleaning  the 
article. 

Cotton,  the  "King"  of  fibers,  since  it 
is  most  abundant,  most  wide-spread  in 
use,  and  usually  the  cheapest,  has  had 


many  improvements  to  put  it  into  the 
limelight.  Shrinkage  control,  which 
first  made  its  appearance  under  the 
sanforization  patent,  with  a  resulting 
one  per  cent  residual  shrinkage,  has 
had  other  processes  applied  to  achieve 
the  same  results.  Other  mechanical 
processes  similar  to  sanforization  have 
been  patented;  there  are  also  resin 
treatments.  This  is  very  important 
since  the  chief  method  of  cleaning  cot- 
ton fabrics  is  by  laundering.  The  resin 
treatment,  in  addition  to  controlling 
the  shrinkage,  imparts  a  crease-resist- 
ing quality  to  the  fabric.  The  resin 
treatment  has  been  retarded  by  lack  of 
equipment  and  by  the  need  of  more  ex- 
tensive research  to  eliminate  some  un- 
desirable factors  such  as  chlorine  re- 
tention in  the  fabric  which  weakens 
the  material  din-ing  laundering. 

Water  and  wind-repellent  cotton 
fabrics  were  with  us  before  the  war; 
liowever  very  extensive  research  was 
carried  on  during  that  time  to  improve 
these  qualities  as  well  as  to  make  the 
finish  permanent  to  laundering  and 
dry-cleaning.  Fabric  construction  was 
found  to  be  an  important  factor  in 
securing  good  water  and  wind-repel- 
lency.  The  treatment  was  not  per- 
manent after  several  dry-cleanings  or 
launderings  and  the  finish  had  to  be 
renewed  to  serve  the  purpose  effective- 
ly. Some  dry-cleaning  establishments 
are  equipped  to  renew  such  finishes. 
Fabrics  which  are  water  and  wind- 
repellent  also  possess  stain-resistant 
qualities. 

Many  starchless  finishes  have  been 
perfected;  however  few  are  reaching 
our  retail  counters.  Before  the  war  we 
had  such  a  finish  applied  to  sheer  and 
light-weight  cottons;  now  new  de- 
velopments are  applying  similar  fin- 
ishes on  heavier  fabrics  such  as  are 
used  for  nurses'  and  dietitians'  uni- 
forms and  are  claimed  to  withstand 
commercial  laundering  without  losing 
their  crisp  stiffness. 

Minor  modifications  in  the  manner 
of  application  of  the  thermosetting 
crease-resisting  resins  has  given  us  per- 
manent chintzes  durable  to  moisture 
and  to  laundering. 

A  new  cotton  elastic  fiber  has  been 
achieved  by  twisting  cotton  yarn  into 
the  shape  of  a  coil  spring.  This  can  be 
made  in  various  degrees  of  elongation. 


It  is  claimed  that  this  yarn  will  with- 
stand repeated  laundering  or  dry- 
cleaning.  It  is  not  made  to  replace 
lastex  or  other  elastic  materials.  Uses 
for  it  are  visualized  in  slip  covers, 
sweaters,  gloves  and  surgical  bandages. 

Non-woven  fabrics  employing  cot- 
ton fibers  have  had  wide  pul)licity. 
Since  1940  non-woven  cotton  fabrics 
have  been  on  the  market  and  a  de- 
velopment of  this  type  of  fabric  to 
extend  its  use  is  under  way.  Two  of  the 
processes  in  common  use  to  secure 
strength  in  these  fabrics  employ  vinyl 
resins.  The  first  prints  lines  or  out- 
lined squares  on  the  cloth.  The  second 
blends  vinyl  yarns  with  the  cotton 
staple.  Heating  causes  the  vinyl  resins 
to  fuse  and  ])ond  the  cellulosic  fibers 
together.  This  development  is  still  too 
new  to  permit  evaluation  of  its  possi- 
bilities. 

A  new  finish  is  giving  cotton  the 
luster  and  feel  of  silk.  Garments  of 
such  materials  are  making  their  ap- 
pearance in  ready-to-wear  goods. 

Extensive  research  is  being  carried 
on  to  improve  cotton  materials  in  order 
to  compete  with  textiles  made  from 
other  fibers  now  on  and  coming  onto 
the  market. 

Rayon,  which  is  a  major  textile  fiber 
in  use  today,  is  made  by  the  viscose, 
cuprammonium  and  acetate  processes. 
The  first  two  are  classed  as  regenerated 
celluloses  and  the  third  as  cellulose 
acetate.  Sixteen  companies  with  twen- 
ty-seven factories  manufacture  all  the 
rayons  produced  in  the  United  States. 
Rapid  strides  in  the  improvement  of 
rayon  have  been  made  just  preceding 
and  during  the  war.  High  and  medium 
tenacity  yarns  made  their  appearance 
and  were  used  where  strength  both  wet 
and  dry  was  very  important.  These 
found  their  way  into  military  uses,  l)ut 
now  are  becoming  availaljle  for  textiles 
in  the  retail  market.  Low  tenacity  ray- 
ons were  improved,  so  that  their  break- 
ing strength  both  wet  and  dry  was 
practically  doubled.  One  company 
forecasts  a  rayon  that  will  stand  the 
same  laundering  as  given  to  cottons. 
Fortisan,  a  new  high  tenacity  rayon  of 
the  regenerated  cellulose  type,  has 
been  produced.  It  is  made  in  extremely 
fine  filaments  and  possesses  great 
strength  both  wet  and  dry.  During  the 
See  TEXTILES  on  page  40 
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THE  CORROSION  Of  MEmS 
W  ECONOMIC  PRORIEM  READY  FOR  SCIENCE 

By  Huqh  J.  McDonald 

Part    II 

Controlling    Factors    In    Corrosion    Reactions 


POLARIZATION  AND  OVERVOLTAGE 

The  galvanic  cell  or  couple  po- 
tentials which  were  discussed  in  the 
first  part  of  this  paper  were  reversible 
potentials,  that  is,  potentials  de- 
veloped when  all  of  the  free  energy 
liberated  in  the  reaction  was  converted 
into  electrical  energy.  All  processes  for 
the  conversion  of  energy  from  one 
form  to  another  become  less  efficient 
as  the  speed  of  the  conversion  is  in- 
creased, increasing  portions  of  the 
available  energy  being  dissipated  as 
heat.  This  applies  to  the  galvanic  cell. 
If  current  is  taken  from   a  cell  at  a 


rapid  rate,  only  a  fraction  of  the  en- 
ergy liberated  in  the  cell  reaction  is 
converted  into  electrical  energy  and 
the  voltage  drops.  The  difference  be- 
tween the  reversible  (maximum)  volt- 
age and  the  actual  voltage  is  called 
polarization.  A  dissipative  effect  of  the 
kind  responsible  for  this  phenomenon 
is  sometimes  referred  to  as  an  irre- 
versible effect.  There  are  dissipative 
effects  due  to  the  resistance  of  the 
electrolyte  between  anodic  and  cath- 
odic  surfaces,  to  the  resistance  of  the 
external  circuit  Ijctween  anode  and 
cathode,  and  to  polarization  effects  at 
the  anode  and  cathode.  These  latter 


polarization  effects  are  made  up  of  con- 
centration polarization  at  the  elec- 
trodes, of  possible  anodic  and  cathodic 
overvoltages  due  to  some  slow  process 
in  the  over-all  electrode  reaction,  and 
to  the  resistance  of  films  on  the  anode 
and  cathode  surfaces. 

The  concentrations  of  substances 
right  at  the  electrode  are  those  which 
determine  the  potential  of  an  elec- 
trode. It  should  be  evident  that  as  elec- 
trode reactions  proceed  the  concentra- 
tions in  the  immediate  vicinity  of  the 
electrode  will  be  different  from  those 
in  the  main  body  of  the  electrolyte, 
because  as  the  process  continues  ions 


Sketch  of  new  Corrosion   Research   Laboratory  to  be   located  in  the  Chemistry   Building  now  under  construction,    (Drawn  by  ).  T.  Waber.) 
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or  molecules  must  diffuse  away  from  or 
into  the  film  adjacent  to  the  electrode. 
The  concentration  gradients  which  are 
set  up  about  the  electrodes  when  a 
cell  or  couple  is  discharged  at  an  ap- 
preciable rate  cause  a  back  electro- 
motive force  which  is  called  concen- 
tration polarization. 

Even  though  concentration  polar- 
ization effects  are  reduced  by  the  addi- 
tion of  suitable  depolarizers,  such  as 
manganese  dioxide  in  the  ordinary  drj- 
battery,  there  is  still  a  polarization 
effect  noticeable  in  many  electrode  re- 
actions. Polarization  of  this  kind 
which  cannot  be  attributed  to  any 
other  cause  is  known  as  overvoltage.'* 
Overvoltages  may  be  of  considerable 
magnitude,  especially  in  electrode  re- 
actions that  involve  gases,  such  as  the 
discharge  of  hydrogen  or  reduction  of 
oxygen  at  cathodes,  and  the  discharge 
of  oxygen,  chlorine,  etc.,  at  anodes. 
Overvoltage  depends  upon  a  number 
of  variables;  it  increases  with  current 
density,  reaching  a  maximum  at  high 
current  densities,  and  it  decreases  with 
an  increase  in  temperature.  The  mag- 
nitude of  the  gas  overvoltages  depends 
upon  the  nature  of  the  electrode.  For 
example,  hydrogen  overvoltages  are 
low  on  platinum,  gold  and  silver,  in- 
termediate on  iron,  nickel,  cobalt, 
carl)on  and  copper,  and  high  on  lead, 
zinc,  cadmium  and  mercury.  Finally, 
overvoltages  may  be  increased  by  the 
addition  of  suitable  substances  to  the 
electrolyte;  for  example,  hydrogen 
overvoltages  are  increased  by  the  addi- 
tion of  such  substances  as  glue,  gelatin, 
and  the  types  of  substances  used  as 
inhibitors  in  acid  pickling  of  iron  and 
steel. 

Films  on  an  anode  or  cathode  sur- 
face, separating  these  areas  from  the 
main  body  of  the  electrolyte,  will  in- 
crease the  anodic  or  cathodic  polariza- 
tion. They  cause  an  increase  in  the 
resistance  of  the  path  between  anode 
and  cathode,  and  they  decrease  the 
rate  of  diffusion  of  reactants  and  prod- 
ucts of  the  electrode  reactions  toward 
and  away  from  the  electrode  surfaces, 
thereby  increasing  concentration 
polarization  to  values  that  may  be 
much  higher  than  those  which  would 


*  S.  Classtone,  "OveiroUage  and  Its  Significance  in  Cor- 
rosion," Corrosion  and  Material  Protection.  Vol.  3,  No.  6. 
Page   15,   July,   1946. 


prevail  in  the  absence  of  the  films. 

The  more  adherent  and  non-porous 
the  film,  the  more  it  will  serve  to  in- 
crease the  polarization  at  an  electrode, 
])ut  even  porous,  loosely  adhering 
films  may  exert  a  pronounced  effect. 
These  films,  whether  they  are  natural- 
ly formed  on  metal  articles  during 
manufacture,  are  formed  by  applica- 
tion of  special  coatings,  or  consist  of 
corrosion  products,  play  an  important 
role  in  determining  the  rate  of  attack 
of  an  environment  upon  a  metal  or  an 
alloy. 

LIMITING    CORROSION    RATE; 
ANODIC   AND    CATHODIC    CONTROL 

The  reversible  voltage  of  the  cor- 
rosion couple  may  be  considered  the 
driving  force  of  the  corrosion  reaction. 
As  has  been  mentioned,  each  of  the 
dissipative  effects  which  together  make 
up  the  total  polarization  increases 
as  the  amount  of  current  flowing  be- 
tween anodic  and  cathodic  areas  is  in- 
creased. If,  therefore,  corrosion  pro- 
ceeds by  an  electrochemical  mechan- 
ism, it  may  be  concluded  that  the 
steady-state  corrosion  rate  will  be  the 
rate  that  makes  the  sum  of  all  the  dis- 
sipative effects,  expressed  as  counter 
potentials,  equal  to  the  driving  force 
of  the  corrosion  couple.  It  is  evident, 
then,  that  anything  that  will  increase 
the  resistance  of  the  electrolyte,  or  the 
total  anodic  or  cathodic  polarization 
will  decrease  the  corrosion  rate.  This 
conclusion  is  useful  in  searching  for  a 
means  of  decreasing  the  corrosion  rate 
in  a  given  system. 

In  most  cases,  the  anodic  and  cath- 
odic polarization  are  large  compared 
to  the  "IR  drop"  (that  is,  current  flow- 
ing X  resistance  of  electrolyte)  be- 
tween anode  and  cathode  areas.  Also, 
since  polarization  makes  anode  areas 
less  anodic  and  cathode  areas  less  cath- 
odic, the  two  areas  are  being  brought 
to  the  same  potential  as  the  polariza- 
tion increases.  If  the  "IR  drop"  of  the 
electrolyte  may  be  neglected,  the  cor- 
rosion rate  that  will  yield  sufficient 
polarization  to  bring  the  anodic  and 
cathodic  areas  to  the  same  potential 
will  be  the  limiting  corrosion  rate. 

If  anodic  polarization  is  the  pre- 
dominant dissipative  effect,  the  cor- 
rosion   process   is    said    to    be   under 


■'anodic  control".  The  corrosion  of 
aluminum,  stainless  steels,  and  other 
metals  that  form  adherent,  nonporous 
films  on  their  surfaces  are  examples 
of  processes  under  anodic  control.  In 
any  attempt  to  apply  protective  meas- 
ures, it  is  important  to  recognize  the 
type  of  control  that  prevails  in  the  un- 
protected case. 

In  the  attack  of  zinc  by  acids  lead- 
ing to  hydrogen  evolution,  the  process 
is  certainly  under  cathodic  control, 
the  overvoltage  for  hydrogen  evolution 
at  cathode  areas  being  the  most  im- 
portant contributor  to  the  total  polar- 
ization. 

The  attack  of  an  environment  upon 
a  metal  or  an  alloy  usually  leads  to  the 
formation  of  a  corrosion  product 
which  is  insoluble  in  the  environment. 
The  film  of  corrosion  product  tends 
to  stifle  the  corrosion  process  by  in- 
creasing anodic  polarization,  cathodic 
polarization,  or  the  resistance  between 
anodic  and  cathodic  areas.  There  are 
films  that  afford  all  intermediate  de- 
grees of  protection  from  that  offered 
by  a  spongy  mass,  which  merely 
hinders  the  diffusion  of  reactants  and 
products,  to  that  given  by  adherent, 
practically  nonporous  and  insoluble 
films  that  cause  some  metals  and  alloys 
to  become  passive. 

All  metals,  except  the  very  noble 
ones,  when  exposed  to  air  at  room 
temperature  or  at  higher  temperatures 
react  with  oxygen  to  form  an  oxide 
film  on  the  surface.  If  the  oxide  has 
a  lower  specific  volume  than  the  metal, 
the  film  must  shrink  and  crack,  provid- 
ing channels  for  the  further  rapid  ac- 
cess of  oxygen  to  the  metal.  Such  films, 
which  are  not  protective,  are  found  in 
the  case  of  the  active  metals,  lithium, 
sodium,  potassium,  calcium,  strontium, 
barium,  etc. 

When,  however,  the  oxide  has  a 
higher  specific  volume  than  the  metal, 
the  oxide  will  be  formed  under  com- 
pression and,  at  low  or  moderate 
temperatures,  the  metal  will  be  com- 
pletely covered  and  the  protection  may 
be  complete  when  the  fUm  has  grown 
to  only  a  few  molecular  layers  in  thick- 
ness. Films  of  this  type  are  formed 
on  copper,  brass,  tin,  lead,  iron,  nickel, 
monel  metal,  stainless  steel,  zinc, 
chromium,  aluminum  and  a  number 


14 


ILLINOIS  TECH   ENGINEER 


of  other  metals  and  alloys  when  they 
are  exposed  to  relatively  dry  air.  These 
films  are  responsible  for  the  relative 
permanence  of  these  metals  and  alloys 
under  atmospheric  exposure.  Al- 
though passivating  films  are  most  com- 
monly produced  when  metals  are  ex- 
posed to  air,  they  are  formed  in  some 
cases  by  aqueous  solutions.  The  class- 
ical case  is  the  passivating  film  formed 
on  iron  by  dipping  momentarily  in 
concentrated  nitric  acid.  The  iron 
when  so  treated  will  no  longer  replace 
copper  ions  from  copper  sulfate  solu- 
tion or  even  react  with  dilute  nitric 
acid.  In  general,  anions  that  are  oxi- 
dizing and  anions  that  form  very  in- 
soluble   compounds    with    the    metal 


tend  to  aid  in  film  formation  and  film 
repair.  Thus,  the  soluble  chromates, 
phosphates,  silicates,  borates  and  hy- 
droxides in  proper  amounts  are  used 
to  give  protection  to  iron  and  steel  in 
aqueous  mediums.  Except  for  the  un- 
usual cases,  such  as  iron  in  concen- 
trated nitric  acid,  most  protective 
oxide  films  are  destroyed  if  the  aque- 
ous medium  is  made  acid.  The  pres- 
ence of  many  anions  such  as  chloride, 
bromide,  iodide,  etc.,  will  cause  film 
breakdown  and  accelerate  corrosion  as 
in  the  familiar  '"salt  spray"  test  and  in 
exposure  to  sea  water. 

INHIBITORS 

Anv  substance  that,  when  added  to 


the  environment  of  a  metal  or  alloy, 
decreases  the  corrosion  rate  is  called 
an  inhibitor.  The  use  of  chromates, 
phosphates,  silicates,  etc.  to  decrease 
the  rate  of  corrosion  of  iron  and  other 
metals  serves  as  examples  of  anodic  in- 
hibition. In  general,  they  help  form  or 
keep  in  repair  a  protective  film  on  the 
metal  surface.  The  addition  of  mag- 
nesium or  zinc  salts  will  decrease  the 
rate  of  corrosion  of  iron  under  condi- 
tions of  partial  immersion.  At  the  ca- 
thodic  areas  near  the  water  line,  the 
alkalinity  is  increased  as  oxygen  from 
the  air  is  reduced  to  hydroxyl  ions, 
leading  to  a  precipitation  of  magne- 
sium or  zinc  hydroxide  over  the  ca- 
thodic  surface  as  a  porous  but  some- 
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Schematic  diagram  to  illustrate  reaction  under  anodic  and  cafhodic  control  and  principle  of 
cathodic  protection. 

AE  and  AD;  anodic  polarization  curves. 

CB  and  CD;  cathodic  polarization  curves. 

AD  and  CD,  together,  represent  reaction  under  cathodic  control. 

AE  and  CE,  together,  represent  reaction  under  anodic  control. 

F  and  G  represent  limiting  corrosion  current  and  therefore  limiting  corrosion  rate. 

B  represents  minimum  potential  to  which  cathode  must  be  polarized  in  order  to  insure  cathodic 

protection  of  anodic  area. 

H  represents  minimum  current  required  to  maintain  cathodic  protection  of  anodic  area. 
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what  adherent  deposit.  To  reach  the 
cathodic  surface,  oxygen  must  diffuse 
through  these  deposits  and  its  rate  of 
arrival  is  therefore  decreased.  These 
substances  function,  therefore,  as  ca- 
thodic inhiljitors. 

Another  important  class  of  inhibi- 
tors consists  of  organic  sulistances. 
They  include  many  compounds  all  the 
way  from  those  of  unknown  structure 
obtained  as  l)y-products  from  petro- 
leum refineries,  packing  plants  and 
coal-tar  products  to  highly  complex 
synthetic  organic  chemicals  of  known 
structure  and  composition.  In  general, 
organic  inhibitors  contain  nitrogen, 
oxygen  or  sulfur,  and  include  many 
aliphatic  and  aromatic  amines,  hetero- 
cyclic nitrogen  compounds  such  as 
pyridine  and  quinoline,  substitution 
products  of  urea  and  thiourea,  mercap- 
tans,  organic  sulfides,  aldehydes, 
ketones  and  some  organic  acids.  The 
inhibitor  may  be  soluble,  or  colloidally 
dispersed,  such  as  gelatin  or  glue.  It 
usually  consists  of  a  hydrocarbon  part 
attached  to  a  polar  or  ionizable  group. 
Part  of  the  effectiveness  of  such  com- 
pounds is  due  to  their  ability  to  be- 
come attached  to  the  surface  of  the 
metal  through  the  polar  group,  and  to 
cover  the  surface  somewhat  like  large 
weeds  in  the  botttom  of  a  slow  stream. 
In  general,  the  larger  the  "shadow" 
cast  by  such  large  molecules,  attached 
at  one  end  to  the  metallic  surface,  the 
greater  tlieir  relative  merit  in  inhibit- 
ing corrosion. 

SURFACE  CONVERSION  COATINGS 

A  large  number  of  preventive  meas- 
ures have  been  introduced  to  combat 
corrosion,  each  designed  to  meet  a  par- 
ticular need,  and  all  are  more  or  less 
successful  so  long  as  the  application  is 
kept  well  within  the  limits  of  the  con- 
ditions for  which  provision  is  made. 
For  this  reason,  corrosion  has  some- 
times been  referred  to  as  "the  common 
cold  of  the  steel  industry".  A  few  of 
the  more  important  of  these  processes 
will  now  be  discussed. 

A  number  of  metals  owe  their  resis- 
tance to  corrosive  attack  to  the  fact 
that  exposure  to  oxygen  results  in  a 
film  of  the  metallic  oxide  being  pro- 
duced which  forms  a  barrier  to  further 
attack.  Aluminum  and  its  alloys  pro- 


vide an  example  of  this  form  of  pro- 
tection. The  film  of  oxide  is  of  sub- 
microscopic  thickness,  and  it  is  obvious 
that  the  protection  would  be  more 
effective  if  the  film  were  thicker. 
Anodizing  is  a  process  for  building  up 
this  protective  film.  The  aluminum 
article  is  made  the  anode  in  an  elec- 
trolyte cell,  using  a  cathode  of  gra- 
phite. Various  electrolytes  such  as  sul- 
furic, oxalic  and  phosphoric  acids  and 
ammonium  sulfide  have  been  used,  but 
a  three  percent  solution  of  chromic 
acid  finds  general  favor. 

Tlie  appearance  of  the  film  varies 
with  the  process;  the  chromic  acid 
treatment  gives  an  opaque  film  while 
the  sulfuric  acid  bath  gives  a  film  hav- 
ing a  translucent  silver  appearance. 
Any  anodized  film  will  adsorb  dyes,  to 
give  highly  colored  ware,  and  other 
anticorrosive  agents,  such  as  lanolin, 
which  protects  against  severe  condi- 
tions. The  films  also  offer  an  excellent 
bond  for  paint  or  enamel.  Although 
the  anodizing  process  was  first  devel- 
oped on  a  commercial  scale  for  alu- 
minum and  its  alloys,  it  has  been  ex- 
tended to  other  metals  such  as  brass, 
cadmin,  chromium,  copper,  nickel,  tin 
and  zinc. 

Parkerizing  and  Bonderizing  are  the 
best  known  of  a  number  of  processes 
which  aim  at  developing  on  iron  and 
steel  articles  a  film  of  ferrous  phos- 
phate. The  processes  are  varied  by  the 
inclusion  in  the  bath  of  small  quanti- 
ties of  metallic  salts  in  addition  to 
manganese  dihydrogen  phosphate.  In 
every  case  the  process  is  very  simple 
and  consists  only  in  immersing  the 
articles  to  be  treated  in  a  hot  solution 
of  the  salts  for  five  minutes  or  so,  after 
which  they  are  rinsed  in  hot  water  and 
dried.  Besides  its  anticorrosive  prop- 
erties, steel  treated  by  one  of  these 
processes  offers  a  bond  for  paint  or 
enamel  superior  to  the  bare  metal. 

In  the  Corronizing  process,  the  ar- 
ticle to  be  protected  is  cleaned  and 
given  two  successive  applications  of 
thin  electrodeposited  coatings,  using 
two  different  metals,  nickel,  and  zinc 
being  the  more  common  combination, 
but  nickel  and  cadmium  have  been 
employed.  After  washing  and  drying, 
the  deposits  are  heat  treated.  The 
process  affords  very  effective  protec- 
tion even  under  severe  conditions. 


The  Bower-Barff  process,  used  for 
ferrous  metals,  consists  in  heating  the 
parts  to  a  red  heat  and  exposing  them 
to  superheated  steam  in  a  closed  cham- 
ber. TJiis  causes  a  film  of  black  mag- 
netic oxide  to  form  on  the  surface, 
which  affords  a  considerable  measure 
of  protection  against  further  attack. 
The  process  is  the  basis  of  several 
methods  of  preparing  rust-resisting 
iron-ware,  such  as  "Russian  iron"  used 
in  making  stovepipe. 

In  the  Sherardizing  process,  used  for 
small  articles,  iron  objects  are  packed 
in  zinc  dust  and  heated  for  a  few  hours 
at  about  250  C,  during  which  time  the 
zinc  penetrates  the  iron  to  a  consider- 
able extent  even  though  this  tempera- 
ture is  well  below  the  melting  point  of 
zinc.  This  penetration  of  zinc  into  the 
iron  at  temperatures  where  alloying 
cannot  occur  apparently  yields  a  pro- 
tective zone  which  is  superior  to  the 
iron-zinc  alloving  that  occurs  in  hot- 
dipping. 

Protective  layers  are  added  to  iron 
products  in  various  other  ways.  When 
iron  is  dipped  in  fused  potassium  ni- 
trate, it  is  coated  with  a  firm  layer  of 
Fe304  which  imparts  a  blue  color  that 
is  familiar  in  fish  hooks,  small  fire- 
arms, etc.  Sometimes  the  iron  is  cov- 
ered with  a  protective  layer  of  a  more 
noble  (cathodic)  metal  such  as  those 
used  in  metal  spraying,  in  nickel  or 
ciiromium  plated  ware  and  in  tin  plate. 

Experiments  have  been  tried  on 
various  treatments  which  may  be  given 
to  the  cold  metal,  whereby  paint  may 
be  safely  applied  after  the  removal  of 
loose  scale  only.  One  of  the  most  prom- 
ising of  these  consists  in  spraying  the 
surface  simultaneously  with  solutions 
of  two  salts  which  will  precipitate  an 
insolulile  salt  having  anticorrosive 
properties.  Solutions  of  zinc  sulfate 
and  potassium  chromate  have  been 
tried.  Both  salts  are  freely  soluble  in 
water  and  the  solutions  readily  find 
an  entrance  into  the  fine  cracks  in  the 
scale  by  capillary  attraction,  where 
they  interact  to  precipitate  the  insolu- 
ble zinc  cromate.  Another  combination 
is  lead  nitrate  and  sodium  phosphate 
which  precipitate  lead  phosphate.  The 
process  has  the  advantage  that  a  dry 
surface  is  not  an  essential  requirement 
for  commencing  operations,  and  al- 
though the  application  must  dry  out 
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before  painting  is  begun,  a  trace  of 
moisture  is  not  serious  since  it  is  coun- 
tered by  the  inhibitor. 

CORROSION  INHIBITING  PAINTS 

A  film  of  paint  or  other  material  ap- 
plied to  the  surface  of  a  metal  with  a 
view  to  protecting  the  latter  against 
corrosive  attack  may  operate  in  two 
ways.  It  may  be  merely  mechanical  in 
action  and  claim  no  other  merit  than 
the  total  exclusion  of  air  and  moisture 
from  the  metal.  Most  lacquers,  en- 
amels, and  paints  have  this  as  their 
objective.  If  this  is  done  effectively, 
nothing  more  is  desired;  but  this  total 
exclusion  over  any  length  of  time  is 
not  easy  to  attain.  Other  films,  while 
claiming  mechanical  coverage  among 
their  merits,  depend  in  large  measure 
upon  some  chemical  action  which 
tends  to  make  the  metal  surface  im- 
mune from  corrosive  attack.  Covering 
the  surface  with  zinc  by  dipping  the 
object  into  the  molten  metal,  a  process 
known  as  galvanizing,  is  an  example  of 
this  action. 

Much  work  has  been  done  in  recent 
years  on  anti-corrosive  pigments  in 
paint.  Such  paints  not  only  protect  by 
mechanical  cover,  but  may  be  expected 
to  offer  some  protection  after  the  paint 
film  commences  to  faU,  as  it  certainlv 
will  in  course  of  time.  As  a  priming 
coat,  red  lead  is  almost  without  a  rival. 
Many  pigments  have  been  suggested 
for  inclusion  in  paints,  but  they  are 
mostly  confined  to  salts  of  lead,  zinc, 
nickel  and  cobalt,  the  acid  radicals 
being  usually  the  phosphates  and 
chromates.  Metallic  dusts,  such  as  zinc, 
have  shown  some  promise. 

Aluminum  paint  is  good  as  a  second 
coat,  as  the  tiny  flakes  of  aluminum 
arrange  themselves  like  fish  scales 
parallel  to  the  surface  of  the  paint  film 
and  since  the  flakes  are  opaque,  they 
exclude  the  ultraviolet  light  from  the 
sun's  rays,  which  is  one  of  the  chief 
sources  of  destruction  of  paint  films. 

ELECTRICAL  PROTECTION 

Since  metal  oxidation  in  corrosion 
always  occurs  at  anodic  areas,  it  would 
seem  logical  that  one  might  protect  a 
metallic  structure  by  making  the  struc- 
ture cathodic  through  the  use  of  an 
externally  applied  electromotive  force. 


To  give  complete  protection,  sufficient 
current  must  be  passed,  with  the  struc- 
ture as  cathode,  to  polarize  the  entire 
surface  up  to  the  potential  of  the  local 
anodes.  Some  important  applications 
of  the  method  known  as  cathodic  pro- 
tection have  been  made  to  under- 
ground pipe-lines,  water  tanks,  etc.  Al- 
though difficulties  involved  in  obtain- 
ing proper  current  distribution  and 
the  cost  of  the  electrical  energy  con- 
sumed when  sufficient  current  is  passed 
to  give  protection  are  limiting  factors 
in  the  general  application  of  the 
method  of  electrolytic  protection,  it  is 
finding  wider  application  every  year. 
The  literature  on  the  subject,  in  tlieorv 
and  applications,  has  been  so  volumin- 
ous that  it  will  not  be  pursued  further 
in  this  article.  Instead,  a  reference^  is 
hereby  given  to  a  key  paper  which  will 
lead  the  interested  reader  to  the  heart 
of  the  subject. 

STRESS  CORROSION  CRACKING  AND 
CORROSION  FATIGUE 

The  earliest  record  of  stress  corro- 
sion cracking  was  given  by  Roberts- 
Austen  in  1886.  A  piece  of  gold-copper- 
silver  alloy,  when  moistened  with  fer- 
ric chloride  solution,  developed  a  large 
crack  within  a  few  seconds  time.  The 
phenomenon  lias  licen  known  by  vari- 
ous names,  such  as  Ijoiler  and  caustic 
embrittlement,  season  cracking  (of 
brass),  and  finally,  stress  corrosion 
cracking.  It  is  now  known  that  few 
commercial  metals  escape  stress  cor- 
rosion attack,  which  is  penetrating  and 
selective  in  its  path;  in  some  metals 
like  mild  steel,  it  results  in  intergranu- 
lar  failure,  while  in  stainless  steel,  the 
attack  is  transgranular.  Brass,  bronze, 
steel,  aluminum  and  magnesium  alloys, 
stainless  steel,  zinc  die-castings,  pre- 
cious metals,  — all  crack  by  stress  cor- 
rosion. This  type  of  failure  is  insidious 
since  it  is  so  destructive  of  metallic 
strength  yet  the  structure  may  show 
very  little  visible  weakness;  even  a 
close  inspection  of  a  boiler  or  artillery 
shell  may  be  quite  reassuring,  yet  boil- 
er explosions  or  shell  failures  may 
occur. 

A  number  of  theories  have  been  ad- 
vanced to  explain  the  phenomenon. 


but  the  most  satisfactory  is  the  "stress 
accelerated  precipitation  theory",^ 
which  is  general  in  its  application.  It 
states  that  (given  the  presence  of  a  tiny 
crack  which  may  have  been  formed  by 
an  attack  of  the  grain  boundary  or  in 
some  other  way)  high  stresses  are 
formed  at  the  apex  of  the  crack  by 
stress  concentration  and  the  local  de- 
formation accelerates  the  decomposi- 
tion of  the  parent  solution.  If  an  anodic 
phase,  with  respect  to  the  matrix, 
forms  during  such  decomposition,  it  is 
the  resultant  galvanic  cell  that  accel- 
erates the  stress  corrosion  attack.  In 
the  case  of  mild  steel,  the  precipitated 
phase  is  Fe4N;  in  stainless  steel,  the 
anodic  phase  is  a  martensitic  decompo- 
sition product  of  the  parent  austenite. 
The  theory  states  that  at  the  bottom  of 
a  crack,  the  high,  concentrated  stresses 
cause  local  straining,  the  decomposi- 
tion of  the  parent  solid  solution  is  ac- 
celerated, the  phase  resulting  from  the 
precipitation  or  decomposition  is  an- 
odic to  the  parent  matrix,  the  crack 
propagates  by  the  dissolution  of  this 
newly-formed  anodic  material  and  that 
the  process  of  strain-accelerated  de- 
composition goes  on  continuously 
ahead  of  the  zone  of  chemical  attack. 

It  has  been  shown  that  stress  cor- 
rosion, for  mild  steel  at  least,  can  be 
prevented  by  shot  pecning  and  mild 
nitriding,  both  processes  which  intro- 
duce compressive  stresses  at  the  sur- 
face. A  treatment  at  700°C  with  hydro- 
gen saturated  with  water  vapor  i-e- 
moves  nitrogen  from  mild  steel,  thus 
preventing  the  formation  of  iron  ni- 
tride and  consequently  eliminating 
stress  corrosion.  The  addition  of  so- 
called  "nitrogen  scavengers",  elements 
like  aluminum  and  titanium  which  re- 
move nitrogen  from  the  steel  by  form- 
ing stable  compounds,  are  also  effec- 
tive. Finally,  on  the  basis  of  laboratory 
tests,  anodic-type  inhibitors  and  ca- 
thodic protection  are  found  to  be  very 
effective. 

A  phenomenon  closely  allied  to 
stress  corrosion  cracking  is  "corrosion 
fatigue",  which  results  when  a  metal 
or  alloy  is  subjected  to  alternating 
cycles  of  applied  stress,  while  in  con- 

"J.  T.  Waber,  Daclorale  Thesis.  Illinois  Inslilule  of 
Technology,  1946;  also  J.  T.  Weber  and  H.  J.  McDonald, 
Monograph  on  Stre&s  Corrosion  Crocking  of  Mild  Steel, 
Corrosion  Publishing  Company.  1131  Wolfendale  Sl., 
Pitllsburgh,    Pa.     (in    press) 

See  CORROSION  on  page  56 
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The  Displaced  People  Of  Europe ' 

Preliminary  notes  on  a  psychological  and  anthrnpological  stody 

By  DAVID  P.  BODED 


A  few  days  after  the  surrender  of 
Germany,  General  Eisenhower,  then 
Supreme  Commander  of  the  Allied 
Forces,  sent  out  a  call  to  the  editors 
of  American  newspapers  which  may 
1)6  summarized  in  five  words,  "Come 
and  see  for  yourself."  It  seems  that 
this  valiant  soldier,  preoccupied  as  he 
might  liave  l)een  with  his  unprece- 
dented duties,  has  found  time  to  re- 
flect upon  the  immeasural)le  historical 
significance  of  preserving  for  posterity 
the  impressions  and  emotions  aroused 
by  the  picture  of  thousands  of  inno- 
cent victims  dead  or  dying  in  the  lib- 
erated concentration  camps. 

While  reading  about  General  Eisen- 
hower's call  to  the  editors,  it  occurred 
to  me  that  a  new  historical  tool  had 
been  made  available  right  on  the  cam- 
pus of  Illinois  Institute  of  Technology. 
As  a  teacher  of  the  course  in  perceptual 
education,  1  could  not  help  observing 
that  while  literally  hundi-eds  of  thou- 
sands of  feet  of  visual  material  was 
collected  to  preserve  the  details  of  the 
war,  practically  nothing  was  preserved 
for  the  other  perceptual  avenue,  the 
avenue  of  hearing.  The  magnetic  wire 
recorder  developed  by  the  Armour 
Research  Foundation  appeared  most 
suitable  to  fill  this  gap. 

In  a  memorandum  on  the  subject 
dated  April  30,  1945,  I  wrote  as  fol- 
lows: 

(1)  For  psychological  as  well  as 
historical  reasons,  it  appears  of  ut- 
most importance  that  the  impres- 
sions still  alive  in  the  memory  of 
displaced  persons  of  their  sufferings 
in  concentration  camps  and  during 
their  subsequent  wanderings,  be 
recorded  directly  not  only  in  their 
own    language    but    in    their    own 
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(2)  It  seems  impossible  that  there 
were  or  are  enough  newspaper  cor- 
respondents knowing  the  language 
of  Russian,  Polish,  Jewish,  Latvian, 
Lithuanian,  Mongol,  Dutch,  Flem- 
ish  and  even   Gennan  sufferers  in 
concentration  camps  and  establish- 
ments of  forced  labor,  so  that  such 
reports  could  l)e  recorded  with  suf- 
ficient detail  and  precision  for  eon- 
temporaries  as  well  as  posterity  by 
the  usual  "paper  and  pencil"  meth- 
od of  interview.  These  people  are 
entitled  to  their  own  Ernie  Pyle,  and 
since   that   appears  practically   im- 
possible, the  exact  recording  of  their 
tale    seems    the    nearest    and    most 
feasible  alternative. 
Although   the   importance   of   such 
a  project   appeared   obvious,   it   took 
more  than  a  year  to  carry  out  the  neces- 
sary formalities  and  to  find  the  means 
for  the  "expedition".  The  aim  was  fi- 
nally realized  in  the  summer  of  1946  as 


a  joint  project  of  the  Illinois  Institute 
of  Technology  and  the  Psychological 
Museum.  We  reserve  for  another  pub- 
lication the  listing  of  the  names  of 
members  of  the  administration,  faculty 
and  alumni  of  Illinois  Institute  of 
Technology  as  well  as  of  the  trustees 
and  friends  of  the  Psychological  Mu- 
seum who  made  this  expensive  and  in 
our  opinion  important  project  pos- 
sible. 


I  arrived  in  Paris  on  Saturday,  July 
29,  1946.  My  scientific  equipment  con- 
sisted of  a  model  50  wire  recorder,  200 
spools  of  wire,  and  an  assortment  of 
converters  and  transformers.  I  had  my 
visas  for  France,  Switzerland,  and 
Italy,  and  my  clearance  for  Germany 
was  still  pending  in  Washington. 

My  first  problem  was  to  get  located. 
With  the  help  of  some  friends  residing 
permanently  in  Paris  I  got  lodging  at 
the  Grand  Hotel.  It  soon  became  ob- 
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vious  that  my  choice  of  residence  was  a 
wise  one.  From  the  entrance  of  the 
hotel  I  had  a  reasonable  chance  to  get 
a  taxi,  at  least  in  the  daytime.  Consid- 
ering that  the  recorder,  a  one-day  sup- 
ply of  spools,  and  necessary  accessories 
amounted  to  a  load  of  about  sixty 
pounds,  my  urgent  dependence  upon 
transportation  by  automobile  becomes 
obvious.  Moreover,  the  displaced  per- 
sons were  housed  in  villas  and  semi- 
public  buildings  located  mostly  in  the 
outlying  districts  of  the  city  and  in  the 
suburbs.  Under  these  circumstances 
my  bills  for  transportation,  often  at 
black  market  rates,  ranged  from  five  to 
twenty-seven  dollars  a  day. 

On  the  day  of  my  arrival,  a  Satur- 
day, I  was  able  to  make  contact  with 
several  voluntary  agencies  managed  by 
Americans,  and  the  following  Monday 
I  had  my  first  interviews.  My  pro- 
cedure was  usually  thus.  I  would  start: 
"We  know  very  little  in  America  aljout 
the  things  that  happened  to  you  peo- 
ple who  were  in  concentration  camps. 
If  you  want  to  help  us  out,  by  contrib- 
uting information  about  the  fate  of  the 
displaced  person,  tell  us  your  personal 
story.  Tell  us  what  is  your  name,  how 
old  you  are,  and  where  you  were  and 
what  happened  to  you  when  the  war 
started." 

This  introduction  was  usually 
enough  to  start  a  person  off  on  his 
story,  and  within  less  than  five  minutes 
he  would  become  oblivious  to  the 
microphone  before  him.  The  inter- 
views lasted  from  twenty  minutes  to 
four  hours,  depending  upon  the  readi- 
ness of  the  individual  to  talk.  On  only 
one  occasion,  when  I  interviewed  the 
representative  of  the  student  body  at 
the  international  university  of 
UNRRA  in  Munich,  were  the  sessions 
limited  to  about  one  spool  (thirty- 
eight  minutes)  per  person.  As  is  cus- 
tomary in  psychological  interviews,  I 
would  sit  behind  the  person,  so  that 
he  would  not  be  influenced  by  the  ex- 
pression on  the  face  of  the  interviewer. 

Not  until  a  substantial  sample  of  the 
spools  has  been  transcribed  on  paper 
will  it  be  possible  to  formulate  any 
scientific  conclusions  from  the  ma- 
terial. The  following  lines,  therefore, 
should  be  taken  simply  as  a  travelogue, 
as  a  set  of  notes  on  the  personal  im- 
pressions gained  from  about  one  hun- 
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dred  twenty  hours  of  listening,  cover- 
ing the  stories  of  about  seventy  people. 

It  was  not  the  purpose  of  our  expedi- 
tion to  gain  a  comprehensive  picture 
of  the  whole  problem  of  the  DP's.  The 
project  was  intended  as  a  psycholog- 
ical and  anthropological  study  by 
means  of  a  specific  tool,  the  wire- 
recorder,  of  the  rank  and  file  of  DP's. 
Therefore,  any  additional  knowledge 
of  the  general  problems  was  gained 
incidentally  without  any  inquiry  into 
the  statistics  of  the  phenomena. 

From  material  that  was  supplied  to 
me  by  UNRRA,  and  the  data  gradually 
pieced  together  from  the  interview 
material,  the  concentration  camp  pic- 
ture was  as  follows.  From  the  advent  of 
Hitler  to  power,  the  rights  of  the  in- 
dividual in  Germany,  especially  the 
rights  of  protection  by  the  courts,  were 
suspended.  There  were  no  coroner's 
inquests  or  their  equivalent,  or  any 
other  formalities  contingent  upon  the 
death  of  an  inmate  in  a  concentration 
camp. 

The  first  contingent  for  concentra- 
tion camps  were  German  communists 
and  socialists  or  people  alleged  to  be 
such,  as  well  as  the  outspoken  lib- 
erals. *Thcse  political  prisoners  speak- 
ing the  same  language  as,  and  often 
of  higher  education  than,  the  rank  and 
file  of  the  Gestapo  men  easily  took 
over  the  leadership  in  the  camps  and 
managed  to  occupy  nearly  all  the  posi- 
tions usually  allotted  to  inmates  in  any 
place  of  imprisonment,  such  as  man- 
agers of  kitchens  and  warehouses, 
typists,  draftsmen,  amusement  di- 
rectors, and  trustees  in  charge  of  super- 
vision over  their  fellow-prisoners. 

In  time  there  appeared  another 
category  of  concentration  camp  in- 
mates, the  so-called  BV-er  (pro- 
nounced Befauer)  which  means  a 
Berufsverbrecher  (professional  crim- 
inal). To  the  latter  category  also  be- 
longed the  sex  offenders.  These  two 
categories  of  the  concentration  camp 
population  became  the  elite  of  the 
lagers  (camps)  as  soon  as  the  other 
categories  began  to  arrive. 
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First  of  all,  the  others  were  the  Ger- 
man Jews.  The  Jewish  radicals  and 
Jewish  criminals  of  German  citizen- 
ship were  separated  from  the  same 
categories  of  "Aryan"  extraction.  Then 
with  the  approach  of  war  a  search  was 
made  for  the  nationality  of  the  an- 
cestry of  the  German  Jew.  All  those 
of  whom  it  could  be  proved  that  their 
ancestors  ever  arrived  from  Poland  or 
any  other  foreign  country  were  or- 
dered to  leave  Germany  as  undesirable 
aliens  even  though  they  had  lived  for 
generations  in  Germany,  spoke  only 
German,  and  had  imbibed  the  German 
culture  and  made  valuable  contribu- 
tions to  it.  Those  unable  to  leave  on 
short  notice  were  interned. 

It  would  be  proper  to  say  at  this 
point  that  from  the  capture  of  the  post 
of  chancellor  in  1933  to  the  heaping 
up  of  mounds  of  unburied  bodies  in 
Bergen-Belsen  in  1945,  the  Nazis  near- 
ly always  endeavored  to  invest  all  their 
acts  in  a  cloak  of  legality  and  a  p'/rt 
of  transcendental  justice. 

What  strikes  the  hearer  of^  these 
concentration  camp  stories  is  the  dia- 
bolic logic  of  events.  It  appears  that  the 
most  sinister  acts  of  the  Gestapo  were 
serenely  planned  and  backed  by  a 
pragmatic  justification.  In  following 
the  naive  tales  of  the  DP's  whose 
deeper  thought  processes  seem  to  have 
been  arrested  for  the  period  of  con- 
centration camp  terror,  one  is  baffled 
l)y  the  methodical  consistency  which 
appears  to  have  permeated  the  Nazi 
policies. 

From  the  beginning  to  the  end,  from 
the  initial  pogroms  of  1933  to  the  gas 
chambers  and  crematories  of  Dachau, 
there  was  a  struggle  for  the  clothing  of 
the  crucified.  The  keynote  of  the  ar- 
rests and  deportations  was  loot,  a  moti- 
vation which  was  intensified  by  a  war 
economy  in  which  the  production  of 
consumer's  goods  and  food  for  the 
civilian  population  was  nearly  para- 
lyzed. When  Austria  was  annexed  and 
conscription  began  for  the  army  of  the 
Reich,  it  became  obvious  that  every 
drafted  soldier  was  one  worker  less 
on  the  production  line  and  at  the  same 
time  one  more  very  intensive  consumer 
of  food  and  clothing  and  war  gear.  As 
soon  as  the  Germans  entered  Vienna, 
they    formed    a    Jewish    Community 


Council.  Every  so  often  the  Com- 
munity Council  would  get  instructions 
to  deliver  to  the  railroad  station  such 
and  such  a  number  of  Jews  for  deporta- 
tion. Whom  should  they  select?  Well, 
that  was  for  the  Council  to  decide.  Sup- 
pose they  used  a  criterion.  Maybe  the 
old,  maybe  the  well-to-do,  maybe  the 
rich,  maybe  the  poor. 

It  was  this  corruption  of  the  fellow 
citizens  of  non-Jewish  faith,  and  at 
times  of  the  "remaining"  Jews,  this 
bribery  of  the  population  with  loot 
and  spoils  taken  from  the  deportees 
that  greatly  eased  the  task  of  the  Nazis. 
There  were  of  course  exceptions.  Here 
is  one.  In  the  train  from  Geneva  to 
Milan.  I  found  myself  in  a  compart- 
ment with  seven  other  passengers, 
among  them  two  women.  I  was  espe- 
cially attracted  by  the  neat  appear- 
ance of  the  older  of  the  two,  a  gray- 
haired  dowager  with  somewhat  mascu- 
line features. 

"Excuse  me,"  I  said  in  German, 
"where  did  you  get  these  clothes — I 
mean  where  were  they  made?" 

The  woman  looked  at  me  and  then 
responded  with  a  patronizing  smile. 
"These  are  our  old  things.  When  we 
were  deported,  we  left  our  better 
clothes  and  some  of  our  jewelry  with 
a  Christian  neighbor,  a  Czech.  The 
agreement  was  that  she  was  to  wait 
until  the  war  was  over.  If  the  war  was 
lost  and  we  did  not  return,  the  things 
were  hers.  If  the  Germans  were  driven 
out  of  Czechoslovakia  and  we  did  re- 
turn, we  were  to  get  our  things  back. 
Well,  she  saved  and  returned  every- 
thing. This  dress  and  our  furs  were 
among  them." 

Such  examples  of  pure,  unselfish  de- 
cency on  the  part  of  Christian  neigh- 
bors appear  time  and  time  again  on  my 
records,  not  only  from  Czechoslovakia 
and  France,  but  at  times  even  from 
Germany. 

Unfortunately,  the  opposite  is  also 
true  in  an  overwhelming  number  of 
cases.  DP's  return  to  their  cities  of 
origin  and  find  their  homes  occupied 
and  the  people  refusing  to  restore  the 
property  to  their  owners.  To  be  sure, 
that  happens  frequently  in  bombed- 
out  areas,  but  it  also  happened  in  Paris, 
and  the  litigation  for  the  return  of 
such  property  is  often  complex  and 
costly. 


With  Nazi  rule  it  appeared  that  one 
step  just  led  to  another..  First  the  Nazis 
drove  Germany  into  a  world  war,  with- 
out a  single  voluntary  ally.  The  offen- 
sive against  Russia  led  through  hun- 
dreds of  miles  of  hostile  territory  of 
Czechoslovakia  and  Poland.  The  local 
population  was  starving,  as  a  result  of 
destruction  of  resources  by  war  and 
looting  by  invading  armies.  To  allevi- 
ate   the    scarcity,    the    Germans    con- 
ceived the  monstrous  idea  of  curtailing 
the  population  by  about  five  million, 
i.  e.,  by  its  Jewish  components.  There 
was,  however,  no  technique  availal)lc 
for  mass-killings  in  such  proportions, 
nor  were  there  burial  facilities  avail- 
able in  such  quantities  at  short  notice. 
The  slaughter  must  then  go  on  accord- 
ing to  plan  and  spread  over  a  number 
of  years.  Food  rations  for  doomed  were 
reduced  to  a  minimum ;  that  of  course 
led  to  a  desirable  high  mortality.  But 
the  road  to  the  grave  by  starvation  is 
rarely  a  direct  one.  It  usually  goes  by 
way  of  infectious  desease,  and  that  be- 
comes a  threat  to  the  army  and  the  rest 
of  the  population.  So  there  occured  the 
idea  of  segregation  into  ghettos,  from 
which  in  turn  the  selection  was  made 
for  concentration  camps.  There  were 
two  kinds  of  camps :  labor  camps  in  the 
vicinitv  of  war  plants,  and  annihilation 
camps,  of  which  the  most  notable  were 
Auschwitz,    Treblinka,    and    Bergen- 
Belsen.   There  were,  however,  many 
other   camps   of   each   category    sepa- 
ratelv,  or  both  types  combined.  District 
bv  district  the  occupied  countries  were 
made  Jew-clean    (Judenrein).  The 
whole  Jewish  population  had  to  assem- 
ble  on   the   city   square,   families  to- 
gether   in    groups.    A    trivial    reason 
would   be   given   for  such   assemblies 
such    as    the    restamping    of    identity 
cards,  and  people  would  come  suspect- 
ing no  harm.  They  would  pass  before 
the  commission;  the  old  and  the  sick, 
or  mothers  with  small  children  would 
go  to  the  annihilation  camps.  This  is 
group  3.  Of  course  they  were  not  told 
the  truth.  They  were  told  that  they 
were  being  "evacuated  from  the  war 
zone"  or  sent  where  there  was  "light 
work"  and  more  food  available.  Men 
and    women    without    children    from 
eighteen    to   thirty-five   would    go    to 
work  camps  or  to  camps  with  double 
facilities,    annihilation    or    industrial 


work.  This  is  group  2.  Youngsters  from 
twelve  to  eighteen  remain  temporarily 
at  work  in  local  industries,  forming 
group  1,  or  also  join  group  2. 

Let  us  listen  to  a  fragment  of  spool 
138.  We  find  there  a  description  (in 
German)  of  a  typical  transport.  The 
interviewee  is  J  urge n  Bassfreund, 
about  twenty  years  of  age,  a  boy  of 
German  birth  and  education.  We  give 
a  literal  translation  of  the  German 
text:  "The  word  trickled  through  that 
this  transport  was  going  to  Dachau. 
We  stepped  forward,  we  were  given  a 
plate  of  soup,  and,  accompanied  by 
S.  S.,  we  were  sent  to  the  station  and 
were  loaded  into  wagons.  They  were 
in  part  open,  in  part  closed  cars.  We 
thought  that  the  closed  cars  were  bet- 
ter, but  later  it  appeared  we  were 
worse  off.  When  we  were  standing  at 
the  cars,  the  S.  S.  drove  us  into  the 
cars,  one  hundred  twenty  people  into 
each  car.  It  was  an  impossibility." 
Boder:  "You  were  in  a  closed  car?" 
Jurgen:  "Yes,  in  a  closed  car.  The 
doors  were  shut.  We  had  no  food  with 
us,  and  now  we  tried  to  sit  down.  When 
eighty  people  sat  down  the  others  had 
no  place  to  stand,  and  there  were  many 
people  who  were  very  tired.  It  was  not 
possible,  otherwise  one  stood  over  the 
other.  We  stepped  on  other  people's 
fingers,  and  these  people,  of  course,  re- 
sisted and  were  striking  the  others,  and 
so  a  panic  began.  It  was  so  terrible  that 
people  went  crazy  during  the  trip,  and 
while  we  were  travelling  there  ap- 
peared among  us  the  first  man  dead. 

"And  we  did  not  know  where  to  put 
the  dead — on  the  floor  they  were  tak- 
ing up  space — because  they  had  to  lie 
stretched  out.  And  then  it  occured  to 
us — we  had  a  blanket  with  us  so  we 
wrapped  the  dead  man  into  this 
blanket,  and  there  were  two  iron  bars 
in  the  car,  and  so  we  tied  him  on 
above." 

Boder:  "Like  in  a  hammock?" 
Jurgen:  "Yes,  like  in  a  hammock. 
But  soon  we  understood  that  that 
wouldn't  do,  because  we  had  more  and 
more  dead,  because  of  the  heat  in  the 
car,  and  the  bodies  began  to  smell.  And 
so  we  were  traveling,  and  there  were 
German  troop  transports  which  were 
retreating  from  the  front  because  the 
front  was  receding,  and  they  had  to  re- 
treat further.   And  so   all  the  tracks 
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were  blocked,  and  we  had  to  stand  for 
days  to  let  the  troop  transports 
through  first,  and  at  night  one  could 
not  see  a  thing.  And  one  was  beaten 
and  trampled.  In  my  case  my  trousers. 
my  prisoner's  trousers,  were  torn 
lengthwise  and  I  could  not  wear  them 
any  more.  And  I  remained  in  my  un- 
derpants. And  so  without  any  nourish- 
ment, without  a  drop  of  water  or  a 
piece  of  bread,  in  spite  of  the  fact 
that  we  yelled  for  water,  and  there  was 
snow  outside,  the  S.  S.  gave  us  nothing. 
And  we — there  was  an  insane  mass  of 
dying  people  in  the  car,  and  after 
traveling  so  for  five  days,  we  arrived  in 
Regensburg.  It  was  already  night,  and 
the  S.  S.  opened  the  doors  and  said, 
'If  you  throw  out  the  dead  bodies  you 
shall  get  some  food.'  And  so  I  and  a 
friend  removed  twenty-five  dead 
bodies  from  this  car  and  laid  them  out- 
side on  the  snow,  you  see?  And  then 
we  were  given  a  piece  of  bread  and  a 
paper  beaker  of  soup.  The  Red  Cross 
had  their  feeding  point;  so  we  had  to 
line  up  before  the  cars,  and  each  was 
given  his  ration.  Car  after  car  .  .  .  ." 

Boder:  "Was  that  the  German  Red 
Cross?" 

Jurgen:  "Yes,  that  was  the  German 
Red  Cross.  After  we  had  consumed  our 
food,  we  had  to  get  back  into  the  cars, 
and  so  I  was  in  my  underpants  in  the 
snow.  I  had  no  more  socks  on,  and  I 
don't  know  what  the  people  there  mav 
have  thought — those  nurses  (sisters). 
At  any  rate  we  traveled  on." 

Boder:  "Coiddn't  you  get  yourself 
some  other  pants?" 

Jurgen:  "No,  that  was  impossible 
unless  I  would  have  taken  them  from 
a  dead  man,  but  one  was  too  exhausted 
from  the  long  trip,  if  one  hasn't  eaten 
anything  for  five  days  and  five  nights. 
I  had  been  standing  all  the  time  during 
the  trip,  and  I  saved  my  life  only 
through  that — that  I  had  tied  a  piece 
of  rope  to  the  car  and  held  on  tight. 
It  was  really  an  utter  impossibility." 
And  when  we  arrived  in  Dachau  there 
were  more  dead  bodies  than  survi- 
vers." 

Upon  arrival  at  the  concentration 
camps,  the  old,  the  sick,  the  women 
with  children  were  sent  immediately  to 
the  gas  chambers  (they  thought  they 
were  going  bathing),  often  to  the  tune 


of  an  orchestra.  Those  fit  to  work  were 
shaven  wherever  there  was  a  hair  on 
the  body,  and  a  number  was  tattooed 
on  their  arm;  they  were  dressed  in 
disinfected  clothes,  not  their  own,  but 
just  picked  at  random  from  the  disin- 
fecting chamber,  and  were  finally  as- 
signed to  barracks.  It  was  logical  that 
any  semblance  of  order  among  such 
masses  of  hungry,  tired  and  panicky 
people  could  not  be  achieved  without 
recourse  to  extreme  brutality.  Murder 
by  clubbing  and  improvised  garroting 
were  common  events  in  such  camps. 

Meanwhile  the  bodies  from  the  gas 
chambers  were  processed.  Gold  teeth 
were  extracted,  and  women's  hair  was 
shorn  off  for  industrial  use.  Then  the 
bodies  were  burned.  There  were  never 
enough  ovens  for  cremation,  and  the 
bodies  were  burned  in  open  pits  in  full 
view  of  the  prisoners  and  the  neighbor- 
ing population.  Never  was  there  a 
stethoscope  applied  to  the  bodies  be- 
fore cremation,  and  the  common  belief 
is  that  the  quantity  of  gas  allowed  was 
not  always  sufficient  to  kill.  These  are 
some  "moderate"  episodes  taken  from 
the  wire  recorder,  all  confirmed  by  un- 
solicited statements  of  DP's  in  camps 
far  apart,  and  well  substatiated  by  the 
material  gathered  for  the  Nurenburg 
trials.  And  these  are  their  memories! 


We  shall  devote  the  rest  of  the 
allotted  space  to  brief  descriptions  of 
some  special  groups  of  the  DP's. 

THE  PIED  PIPER 

At  Bellevue,  a  suburb  of  Paris,  I 
found  a  children's  colony  with  its  Pied 
Piper,  Miss  Kuchler.  This  woman,  a 
doctor  of  philosophy  from  a  Polish 
university,  managed  to  spend  the  time 
of  German  occupation  as  governess  in 
the  home  of  a  Polish  nobleman.  She 
had  "black"  papers,  i.  e.,  forged  ident- 
ity papers,  and  the  princes,  appreciat- 
ing her  modest  demands,  asked  no 
questions. 

After  the  expulsion  of  the  Germans 
from  Poland,  it  appeared  that  many 
Polish  families,  as  well  as  orphanages 
maintained  bv  the  Catholic  convents 
and  monasteries,  were  sheltering  num- 
erous Jewish  children,  who  in  this  way 
were  saved  from  Nazi  extermination. 
These  children  were  most  often  aban- 


doned at  the  door  steps  of 
hearted  Christians  by  previous 
arrangement,  sometimes  with  money 
or  jewelry  in  payment  for  their  future 
keep,  sometimes  just  with  a  note  plead- 
ing to  take  the  child,  "who  had  been 
baptised."  This  latter  statement  was 
made  often  by  agreement  with  pro- 
spective foster  parents  or  orphanages 
to  prevent  actual  baptism  of  these  chil- 
dren. There  were  also  cases  where 
members  of  the  otherwise  dreaded 
Polish  militia  or  even  Nazi  soldiers 
would  carry  out  in  their  knapsacks 
abandoned  infants  from  the  burning 
ghettos.  The  Catholic  nuns  and  monks 
would  accept  these  waifs  without  ques- 
tioning and  Ijring  them  up  with  the 
rest  of  the  numerous  orphans  of  war. 
Now  once  the  enemy  was  expelled,  a 
revaluation  of  the  future  of  these  chil- 
dren was  begun.  In  rare  cases  the  chil- 
dren were  claimed  by  a  surviving 
parent  or  relatives.  Identification  was 
made  by  birth  marks,  pieces  of  cloth- 
ing, copies  of  letters  and  the  like.  I 
possess  a  wire  recording  of  the  story 
of  a  woman  who  identified  her  child  in 
the  fashion  of  a  romantic  melodrama, 
by  a  gold  medallion  on  the  neck  of  the 
child  from  which  a  fragment  was  miss- 
ing, the  mother  being  in  possession  of 
that  fragment.  She  carried  it  on  her 
person,  through  a  string  of  concentra- 
tion camps  at  the  risk  of  her  life,  since 
the  possession  of  jewelry  and  valuables 
was  most  severly  punished.  In  many 
cases  the  Jewish  community  began  to 
demand  the  return  of  these  children; 
in  other  cases  the  convents  did  not  find 
it  proper  to  force  upon  children  a  re- 
ligion different  from  that  of  their  par- 
ents. The  fact  that  the  male  foundlings 
were  circumcised  may  also  have  af- 
fected the  decision. 

Well,  Miss  Kuchler  found  about  ten 
educated  men  and  women  of  reason- 
ably good  health  and  courage  (mostly 
partisans  and  not  concentration  camp 
victims).  She  then  collected  about 
fifty-three  stray  children,  about  twenty 
of  them  under  six  years  of  age,  and 
the  others  up  to  about  the  age  of  four- 
teen. They  managed  to  "steal"  the 
Polish  border  into  Czechoslovakia,  and 
from  there  were  taken  on  American- 
made  UNRRA  trucks  to  France. 
See  DISPLACED  on  page  32 
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By  J.   HENRY   RUSHTON 


For  centuries  past  man  has  used  the 
oxygen  in  air  in  producing  his  arti- 
facts. Gradually  he  learned  to  sepa- 
rate the  oxygen  from  the  nitrogen  in 
air  and  from  the  hydrogen  in  water. 
These  separations  were  costly  and 
could  only  he  justified  where  oxygen 
of  high  purity  was  required.  The  oxy- 
gen was  used  in  small  quantities  by 
scattered  consumers,  a  fact  which  made 
necessary  the  Ijuilding  of  many  rela- 
tively small  manufacturing  plants  suit- 
ably located  to  reduce  transportation 
costs  to  market.  Oxygen  is  a  highly 
reactive  element  and  therefore  is,  the- 
oretically, important  as  a  raw  material 
for  industrial  and  synthetic  purposes. 
Improved  processes  and  equipment  for 
the  winning  of  oxygen  from  air  liave 
been  devised  within  the  past  few  years, 
and  we  are  at  the  threshold  of  an  era 
promising  great  advances  in  the  more 
efficient  use  of  oxygen.  Where  pounds 
have  been  used  heretofore,  tons  will 
shortly  be  consumed.  The  term  "ton- 
nage oxygen"  has  been  proposed  re- 
cently to  differentiate  the  production 
of  oxygen  in  this  budding  industry 
from  the  production  in  relatively  small 
quantities  made  in  the  past. 

Oxygen,  or  oxygen-enriched  air,  or 
other  oxygen-enriched  gases,  undoulit- 
edly  will  be  employed  on  a  very  large 
scale  for  improving  processes  and 
products  and  in  the  manufacture  of 
new  products  in  the  process  industries. 
Potential  examples  are: 

1.  For  the  production  of  gas  from 
coal  by  continuous  complete  gasifica- 
tion for  use  as  city  gas  of  current  or 
increased  thermal  content. 

2.  For  the  production  of  gas  with  a 
composition  suitable  for  synthesizing 
hydrocarbons,  oxygenated  products, 
and  ammonia  from  coal  and  natural 


gas. 


3.  For   the   oxidation   of   ammonia 


1  A  condensation  of  an  arlicle  tilled  "Tonnage  Oxyget 
by  C.  R.  Downs  and  J.  H.  Rushlon,  appearing  in  Che 
ical  Engitteerins  Progress,   Jan.,    1947. 
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and  sulphur  dioxide  and  for  the  partial 
oxidation  of  organic  compounds  to 
derivatives. 

4.  For  the  roasting  and  burning  of 
sulphide  ores.  i)yrites  and  other  sul- 
|)hur-containing  compounds. 

5.  For  the  smelting  of  iron  ores  and 
the  refining  of  iron  in  Bessemer  con- 
verters and  open  hearths. 

6.  For  the  comlaustion  of  fuels  where 
unusually  high  temperatures  are  ad- 
vantageous, such  as  calcining  and  per- 
haps even  for  the  direct  combination 
of  nitrogen  and  oxygen. 

Many  other  uses  will  be  devised  by 
chemical  engineers.  Oxygen  must  be 
produced  in  large  quantities  in  the 
gaseous  form  by  air  rectification  and 
piped  to  its  point  of  use  to  be  suf- 
ficiently cheap  for  these  purposes. 

ROLE  OF  OXYGEN 

The  use  of  oxygen  in  concentrations 
higher  than  that  in  air  makes  possible 
many  favorable  chemical  and  thermal 
conditions.  This  is  primarily  due  to  the 
fact  that  a  smaller  amount  of  non- 
reactive  nitrogen  is  present,  and  higher 
temperatures  and  lower  gas  volumes 
result. 

In  the  production  of  gaseous  fuels 
it  is  desirable  to  attain  as  low  a  nitro- 
gen content  as  possible.  Gaseous  fuels 
made  from  coal  or  coke  in  gas  pro- 
ducers by  an  air  and  steam  Ijlast  con- 
tain nitrogen,  hydrogen,  carjjon  mon- 
oxide, and  carJjon  dioxide,  and  it  is 
much  more  difficult  to  lower  the  nitro- 
gen content  of  such  a  gas  after  it  is 
manufactured  than  it  is  to  separate 
nitrogen  from  atmospheric  oxygen. 

Many  sulphide  ores  are  available 
which  when  roasted  with  air  give  flue 
gases  so  lean  in  sulphur  dioxide  that  its 
recovery  is  difficult  or  uneconomical. 
Oxvgen-enrichment  of  furnace  blast 
can  be  used  with  such  ores  to  increase 
the  sulphur  dioxide  concentration  to 
seven  per  cent  or  more,  which  is  in  the 
range  of  usual  sulphur  dioxide  recov- 


ery or  conversion  operations.  Lean 
sulphide  ores  which  will  not  support 
their  own  combustion  in  air  can  be 
made  to  react  with  oxygen  or  enriched 
air  without  the  necessity  of  supplying 
solid,  gaseous,  or  liquid  fuel  to  main- 
tain combustion  and  operating  tem- 
peratures. 

Sulphur  dioxide,  or  other  gases 
made  by  the  use  of  pure  oxygen  or 
enriched  air,  permits  the  use  of  equip- 
ment of  minimum  size  for  absorption 
or  conversion  to  other  products. 

During  ore  reduction  in  blast  fur- 
naces using  coke,  it  is  possible  to  in- 
crease the  concentration  of  carbon 
monoxide  —  the  principal  reducing 
agent — by  the  use  of  oxygen.  The 
amount  of  carbon  monoxide  is  de- 
pendent upon  both  the  concentration 
of  the  reactants  and  the  temperature. 
The  higher  temperature  resulting  from 
higher  oxygen  concentrations  favors 
the  dissociation  of  carbon  dioxide, 
with  the  result  that  carbon  monoxide 
concentration  increases  more  rapidly 
than  does  carbon  dioxide  concentra- 
tion when  higher  temperatures  are 
used.  Thus,  by  the  variation  of  oxy- 
gen concentration,  control  of  carbon 
monoxide  and  temperature  can  be  ef- 
fected. Furthermore,  freezing  and 
hangups  in  the  furnace  can  be  elim- 
inated immediately  by  changing  the 
oxygen  percentage  of  the  blast. 

Flame  temperatures  are  sensitive  to 
oxygen  concentration  and  to  the  total 
amount  of  product  gas.  As  oxygen  con- 
centration increases,  the  flame  tem- 
peratures increase  because  of  more 
rapid  combustion  rates  and  also  be- 
cause less  inert  nitrogen  is  present  in 
the  hot  combustion  products.  Com- 
l)ustion  time  is  shortened  and  flame 
length  is  shortened  by  increased  oxy- 
gen, with  the  result  that  smaller  com- 
bustion spaces  are  required.  In  fur- 
nace operations  where  combustion 
flames  are  used  to  radiate  heat  to 
molten  reactants,  as  in  reverberatory 
furnaces,  the  rates  of  heat  transfer  are 
increased  by  increasing  flame  tempera- 
tures. Radiant  heat  transfer  is  propor- 
tional to  the  difference  between  the 
fourth  powers  of  the  absolute  tempera- 
tures. Thus  a  small  increase  in  flame 
temperature  has  a  relatively  large  ef- 
fect on  the  rates  at  which  heat  passes 
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from  the  flame  to  the  surroundings. 

Wherever  high  flame  temperatures 
are  beneficial,  as  in  melting,  smelting, 
calcining,  and  roasting  operations,  the 
processes  can  be  speeded  to  any  de- 
sired rate  by  oxygen  enrichment,  there- 
by increasing  furnace  capacity.  More- 
over, temperatures  can  be  controlled 
at  will  by  varying  the  per  cent  of  oxv- 
gen  enrichment. 

The  advantages  of  the  use  of  oxygen 
as  just  outlined  have  long  been  recog- 
nized, but  heretofore  the  advantages 
have  been  outweighed  by  the  high  cost 
of  oxygen. 

PRODUCTION  OF  OXYGEN 

Air  liquefaction  and  rectification  is 
the  basic  process  considered  most  suit- 
able for  large-scale  oxvgen  production. 
Tonnage  oxygen  for  process  use  need 
not  be  of  the  purity  required  for  cut- 
ting and  welding  of  metals.  For  large 
tonnage  industrial  uses  a  purity  of 
about  97  per  cent  is  considered  suit- 
able. The  development  of  low-pressure 
processes  for  producing  gaseous,  rela- 
tively pure  oxygen  have  been  de- 
veloped in  recent  years  in  Germany, 
and  during  the  war  by  the  National 
Defense  Research  Committee,  Office  of 
Scientific  Research  and  Development, 
in  this  country.  The  objective  of  most 
recent  improvements  has  been  to  de- 
vise  systems   to   utilize   low-pressure. 


high-capacity,  high-speed  compression 
and  refrigeration  equipment,  and  to 
remove  carbon  dioxide  and  water  ef- 
ficiently from  low-pressure  air.  The 
prevention  of  acetylene  accumulation 
in  the  systems  has  received  important 
consideration. 

It  is  obvious  that  the  extent  to  which 
oxygen  will  be  used  in  industry  will 
depend  upon  the  cost  of  oxygen  plants 
and  upon  their  operating  costs.  These 
costs  per  ton  of  oxygen  are  dependent 
largely  upon  the  size  of  units.  Units 
producing  less  than  5  tons  of  gaseous 
oxygen  hr.  (120  tons  per  day)  are 
about  the  lower  economic  limit  of  ca- 
pacity for  the  uses  here  considered. 
Such  a  size,  however,  satisfies  many 
uses.  The  cost  of  producing  oxygen  in 
smaller  units  rises  rapidly  and  debars 
its  economic  use  for  many  otherwise 
attractive  applications;  it  limits  its  use 
to  cutting,  welding  and  similar  opera- 
tions. 

Table  1  gives  estimated  plant  and 
operating  costs  as  of  January  1,  1947. 
for  various  sized  oxygen  producing 
units.  These  costs  include  engineering 
design,  equipment,  erection,  buildings, 
water  cooling  towers  and  all  other 
parts  to  make  a  complete  turn-key  in- 
stallation with  utilities  furnished  at 
the  site.  Production  is  based  on  346 
operating  days  per  year:  and  "on 
stream"  factor  of  0.95. 


GAS  PRODUCTION  FROM  COAL 

The  complete  gasification  of  coal, 
with  maximum  retention  of  its  heat 
in  the  gas,  has  long  been  a  goal  of  the 
gas  industry. 

Water  gas  is  made  by  the  reaction  of 
steam  with  incandescent  coal  or  coke, 
and  is  the  basis  of  most  of  the  city  gas 
of  today.  The  alternate  admission  of 
air  and  steam  is  used  in  cyclical 
fashion,  and  the  water  gas  consisting 
of  carbon  monoxide  and  hydrogen  is 
collected  alternately.  The  thermal  or 
available  B.t.u.  content  of  water  gas 
(around  300/B.t.u.  cu.  ft.)  is  too  low  to 
meet  statutory  requirements,  and  it  is 
necessary  to  add  natural  gas  or  petro- 
leum refinery  gases,  or  to  carburet  it 
with  oil.  It  is  evident  that  these  proc- 
esses do  not  permit  maximum  con- 
version of  the  potential  heat  energy 
in  the  solid  fuel  to  heat  energy  in  the 
gaseous  fuel,  l)ecause  large  quantities 
of  carbon  are  converted  to  carbon  di- 
oxide in  the  process  and  wasted  along 
with  the  nitrogen. 

Continuous  and  complete  gasifica- 
tion of  coal  or  coke  can,  however,  be 
accomplished  at  high  thermal  effi- 
ciencies when  oxygen  is  employed. 
Temperatures  of  the  fuel  necessary  to 
obtain  reaction  with  steam  can  be 
achieved  by  using  high-purity  oxygen, 
injecting  it  into  the  fuel  bed  along  with 
the  steam.  And  the  exothermic  heat 


Table  1 — Estimated  Plant  Costs  And  Operating  Charges,  January,  1947,  For  Producing  95  Per  Cent  Oxygen 

Plant  Capacity: 

Tons/day 120  240  360  480  1,000 

Tons/hr 5  10  15  20  42 

Approximate  plant  cost $900,000  $1,300,000        $1,700,000        $2,000,000        $3,400,000 

Total  utility  cost/ton* $1.29  $1.27  $1.25  $1.22  $1.20 

Operating  labor/tonf 0.68  0.34  0.23  0.17  0.08 

Maintenance/ton:!: 0.54  0.39  0.34  0.30  0.25 

Fixed  charges/ ton§ 2.70  1.95  1.70  1.50  1.22 

Total  operating  cost/ton $5.21  $3.95  $3.52  $3.19  $2.75 

Total  operating  cost  M  cu.  ft 21.7c  16.5c  14.7c  13.3c  n.5c 

Kw.  hr.   per  Mcu.  ft.  for  compression.             13.4  13.1  12.8  12.7  12.5 

Kw.  hr./M  cu.  ft.  for  auxiliaries 2.2  2.2  2.2  2.2  2.2 

Total  kw.  hr.  M  cu.  ft.        15.6  15.3  15.0  14.9  14.7 

*  This  figure  includes  charges  for  a   negligible  amount  of  make  up  water  at   1  cent/1,000  gal.,  electric  power  for  pumps,  cooling  towers  and  auxiliaries  at  0.4 
cents/kw.  hr.  and  steam  for  heat  and  principal  source  of  power  ot  30  cents/1,000  lb. 
t  Operating   labor  is  token  at  $80/day  including  lobor  overhead. 
t  2'/:  per  cent  of  plont  cost. 
§  12'/2  per  cent  of  plant  cost. 
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of  reaction  of  carbon  with  oxygen  can 
be  made  to  balance  the  heat  required 
to  maintain  the  carbon-steam  reaction. 
From  such  an  operation,  a  gas  resuhs 
consisting  essentially  of  carbon  mon- 
oxide and  hydrogen,  the  relative 
amounts  depending  on  the  feed  ratio 
of  oxygen  and  steam  and  the  tempera- 
ture and  pressure  of  the  operation. 

For  the  past  twelve  years  processes 
have  been  in  operation  in  Germany 
for  the  manufacture  of  city  gas  by  con- 
tinuous processes  using  oxygen. 

Several  plants  liave  been  tested  in 
the  United  States  and  Canada  to  dem- 
onstrate the  feasibility  of  the  proc- 
esses, but  the  processes  have  not  been 
adopted  by  the  utilities  largely  because 
of  lack  of  large-scale  oxygen  produc- 
tion units. 

The  first  German  j)lant  to  produce 
city  gas  from  brown  coal  was  put  into 
operation  for  city  supply  in  1936.  Sub- 
sequently a  number  of  other  plants 
were  installed.  At  Bohlen,  Germany, 
a  complete  plant  of  ten  units  with  a 
capacity  of  20  million  cu.  ft./day  de- 
livers a  purified  gas  of  455  B.t.u.  Re- 
ports are  that  the  most  recent  plant 
at  Most,  Czechoslovakia,  is  operating 
now  at  20  atm.  pressure  and  producing 
about  15  million  cu.  ft.  of  570  B.t.u.  city 
gas/day.  The  washed  gas  is  under  pres- 
sure suitable  for  long-distance  trans- 
portation without  further  compres- 
sion. 

It  is  reported  that  in  Russia  fuel  gas 
is  being  produced  by  subterranean  re- 
action of  coal  with  oxygen,  or  oxygen- 
enriched  air,  and  steam.  The  process 
does  not  look  attractive  for  use  in  the 
United  States,  although  plans  are  now 
in  preparation  for  a  trial  of  this  process 
in  Alabama.  Russian  plans  are  for  the 
production  by  this  method  of  more 
than  32  billion  cu.  ft.  of  gas/yr.  by 
1950. 

The  use  of  oxygen  for  city-gas  gen- 
eration is  potentially  large  but  can- 
not be  considered  economical  unless 
used  for  large  Ijase  loads.  The  capital 
investment  in  oxygen  equipment 
makes  it  imperative  that  it  be  used 
continuously.  The  processes  should  not 
be  considered  as  the  means  of  taking 
care  of  high-peak  loads  because  this 
would  postulate  considerable  idle  time 
for  expensive  equipment. 


SYNTHESIS   GAS   PRODUCTION 

Synthesis  gas  is  produced  for  a  va- 
riety of  purposes  each  requiring  a  par- 
ticular composition,  for  which  many 
different  processes  are  used. 

A  synthesis  gas  for  ammonia  produc- 
tion must  contain  nitrogen  and  hydro- 
gen in  approximately  stoichiometric 
proportions.  In  the  past  this  has  l)een 
accomplished  by  using  the  water-gas 
process  modified  to  give  the  desired 
composition.  Or  it  is  produced  often 
from  natural  gas.  Air  suitably  enriched 
with  oxygen  can  be  used  advantageous- 
ly with  steam  either  solid  or  gaseous 
fuels  to  give  continuous  production  of 
ammonia  svnthesis  gas. 

.Synthesis  gases  for  production  of 
organic  compounds  consist  of  mixtures 
of  carbon  monoxide  and  hydrogen  in 
various  proportions.  These  gases  then 
are  converted  catalytically  to  the  or- 
ganic compounds  by  several  processes 
depending  upon  the  olijectives. 

Synthetic  methyl  and  higher  alco- 
hols have  been  in  commercial  produc- 
tion for  many  years.  More  recently, 
processes  referred  to  broadly  as 
Fischer-Tropsch  syntheses  have  been 
developed.  The  basic  reactions  involve 
the  passage  of  carbon  monoxide  and 
hydrogen  (and  sometimes  with  added 
olefines)  over  various  catalysts  at  dif- 
ferent pressures  and  temperatures. 

The  so-called  "Kogasin"  synthesis 
uses  carbon  monoxide  and  hydrogen 
in  a  ratio  of  1  to  2  over  iron  cobalt  and 
nickel  catalysts  at  atmospheric  pres- 
sure and  480  to  570°  F.  to  produce 
essentially  a  hydrocarbon  product. 
Equation  (1)  represents  the  theo- 
retical reaction: 
nCO  +  2nHo  -^  (CHo),,  +  nHsO    .  (1) 

Variation  of  the  ratio  of  carbon  mon- 
oxide to  hydrogen  affects  the  end  prod- 
uct for  a  given  catalyst.  In  general  the 
increase  of  carljon  monoxide  favors 
the  production  of  olefins. 

The  "Synthine"  process  is  a  name 
which  is  apparently  being  accepted  in 
the  United  States,  in  lieu  of  Fischer- 
Tropsch,  to  make  products  which  are 
mixtures  of  hydrocarbons  and  oxy- 
genated products.  These  hydrocarbons 
comprise  the  synthetic  diesel  and  auto- 
motive fuels. 

Carbon  monoxide  and  hydrogen  are 
used    also   together   with   the   higher 


olefins,  Cii  to  Ci7,  to  make  higher 
alcohols  which  can  then  be  converted 
to  soaps. 

The  synthesis  gas  required  for  the 
reactions  above  can  be  prepared  di- 
rectly from  natural  gas  by  the  use  of 
oxygen,  or  from  solid  fuels  by  the  use 
of  oxygen  and  steam.  From  natural  gas 
by  partial  oxidation,  the  principal 
exothermic  reaction  is: 

CH4 +1/202-^  CO +  2H2 (2) 

Here  the  ratio  of  1  carbon  monoxide 
to  2  hvdrogen  can  be  produced  direct- 
ly, and  it  is  possible  to  vary  the  ratio 
I)y  suitable  control  of  operating  con- 
ditions. Also  the  reaction  can  be  modi- 
fied and  controlled  by  the  use  of  steam 
for  quenching  or  for  reacting  with 
methane.  Synthesis  gas  for  ammonia 
may  be  made  by  substituting  air  or 
oxygen-enriched  air  for  the  oxygen, 
removing  the  oxides  of  carbon  which 
are  formed,  and  hydrogen  and  nitro- 
gen remain  in  desired  ratio. 

The  7,000  bbl./day  Synthine  plant 
(5,800  bbl.  gasoline  and  1,200  bbl. 
Diesel  oil)  as  projected  for  Browns- 
ville, Texas,  will  require  at  present  de- 
sign, about  45  million  cu.  ft.  of  oxy- 
gen/day and  about  64  million  cu.  ft.  of 
natural  gas.  When  the  natural  gas  con- 
tains inerts,  such  as  nitrogen,  a  pro- 
portionally greater  volume  must  be 
used. 

From  solid  fuels  the  water-gas  re- 
action in  solid-bed  producers  can  be 
made  continuous  by  the  use  of  oxygen 
and  steam.  A  variation  of  pressure  can 
be  used  to  change  the  ratio  of  carbon 
monoxide  to  hydrogen. 

CONVEKSION  OF  NATURAL  CAS 
INTO  LIQUID  FUELS 

The  first  raw  material  to  be  used  for 
making  synthetic  gasoline  and  other 
liquid  fuels  in  the  U.  S.  will  be  natural 
gas.  The  first  Fischer-Tropsch  process 
was  put  into  commercial  operation  at 
Oberhausen,  Germany,  in  1936.  Brown 
coal  or  coke  was  the  raw  material. 

The  known  reserves  of  natural  gas 
in  1945  were  140  trillion  cu.  ft.,  com- 
pared with  100  trillion  cu.  ft.  in  1940. 
This  shows  a  40  per  cent  increase  in 
natural  gas  reserves  during  a  period 
in  which  our  known  petroleum  re- 
serves remained  unchanged.  This  in- 
crease has  been   due  to  more  active 
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exploration  for  gas  and  to  re-evalua- 
tion of  gas  fields,  and  indicates  that 
our  gas  reserves  are  likely  to  be  much 
more  than  the  estimates  indicate. 

It  has  been  stated  that  the  1945 
known  gas  reserves,  if  all  converted 
into  liquid  fuels,  would  be  enough 
to  double  our  known  reserves  of  pe- 
troleum. Much  of  this  gas  is  scattered 
in  small  fields  or  enjoys  a  higher  value 
for  other  purposes  which  prevents  its 
use  for  the  Synthine  process.  Five 
fields,  however,  contain  40  per  cent  of 
the  total  estimated  reserves  and  it  is 
only  these  fields  which  will  support 
Synthine  installations. 

As  economic  conditions  change,  the 
process  as  developed  for  using  natural 
gas  can  be  modified  to  use  coal,  of 
which  there  is  plenty  to  last  into  the 
distant  future.  It  is  agreed  generally 
that  coal  will  not  be  used  for  this  pur- 
pose where  natural  gas  is  abundant. 

The  over-all  cost  of  producing  gaso- 
line and  Diesel  oil  from  natural  gas 
at  5  cents/1,000  cu.  ft.  by  the  Synthine 
process  is  stated  to  make  them  com- 
petitive with  these  products  produced 
from  petroleum.  The  Brownsville  in- 
stallation referred  to  above  is  expected 
to  make  approximately  2,000  tons  of 
oxygen/day  in  two  units  each  rated  at 
42  tons  of  oxygen/hr.  The  output  of  a 
unit  of  this  magnitude  is  vastly  greater 
than  any  attained  in  the  past.  At  the 
time  this  paper  is  being  written  other 
installations  are  being  planned,  for  ex- 
ample, one  by  the  Standard  Oil  Co.  of 
Indiana  in  the  Hugoton  field  in  Kansas 
and  another  by  Humble  Oil  and  Re- 
fining Co.  at  a  location  not  publicly 
announced.  These  plants  are  expected 
to  be  at  least  as  large  as  that  at  Browns- 
ville. 

Despite  the  fact  that  it  is  much  too 
early  to  predict  how  many  Synthine 
plants  will  be  built,  estimates  have 
been  made  that  in  the  long-term  future 
there  may  be  from  thirty  to  seventv 
units  of  the  7,000  bbl./day  size,  or  their 
equivalent  in  larger  sizes.  They  may 
include  plants  using  low-rank  coals 
for  making  the  synthesis  gas.  These 
installations  would  produce  from  10 
per  cent  to  25  per  cent  of  the  present 
production  of  motor  fuels  and  light 
naphthas.  The  lower  estimate  is  prob- 
ably  much   more   realistic.   Whether 
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such  a  forecast  is  accurate  or  not,  it 
presents  a  rough  picture  at  least  of  the 
enormous  quantities  of  oxygen  that 
may  be  required. 

The  yield  of  oxygenated  by-products 
may  vary  from  a  small  percentage  of 
the  liquid  hydrocarbons  to  very  high 
percentages.  It  has  been  reported  that 
these  ratios,  operating  on  natural  gas 
as  a  raw  material,  may  vary  from  about 
10  per  cent  to  as  much  as  30  per  cent. 
The  production  of  aldehydes,  ketones, 
alcohols  and  acids  that  can  be  expected 
to  be  produced  annually  from  a  single 
7,000  bbl./day  Synthine  installation 
are  estimated  approximatelv  as  fol- 
lows: 

Total  aldehydes  and  ketones 

34  million  Ib./yr. 
Total  alcohols 

85  million  Ib./yr. 
Total  acids 

41  million  Ib./yr. 
Total   oxygenated   by-products 

160  million  Ib./yr. 

It  must  be  considered  that  such  large 
quantities  have  serious  long-term  por- 
tents for  the  established  industries  now 
producing  similar  products. 

SULPHURIC  ACID 
AND    SULPHUR    DIOXIDE 

Interesting  possibilities  for  the  use 
of  oxygen  in  the  production  of  sulphur 
dioxide  and  sulphuric  acid  should  he 
mentioned.  Sulphur  dioxide  not  onlv 
has  uses  by  itself  and  in  water  solution, 
but  also  it  is  the  raw-gas  material  for 
all  sulphuric  acid  manufacture. 

The  use  of  oxygen  in  acid  manu- 
facture is  not  new.  Pyrites  burners  are 
operating  now  with  oxygen-enrich- 
ment on  the  American  continent,  and 
it  is  reported  that  some  use  is  being 
made  on  a  large  scale  in  Russia.  It  is 
of  interest  to  note  the  calculated 
amount  (based  on  data  from  several 
sources)    of   95    per   cent    oxygen    re- 


quired to  increase  the  capacity  of  a 
50-ton/day  sulphuric  acid  plant  by 
means  of  oxygen-enrichment.  Table  2 
summarizes  these  estimates.  To  double 
the  output  of  acid  from  a  relatively 
small  plant  of  50  tons/day  would  re- 
quire about  1.5  tons/hr.  of  oxygen. 
This  is  a  small  amount  of  oxygen  for 
very  low-cost  production,  but  larger 
acid  plants  would  utilize  oxygen  at  the 
higher  rates  necessary  to  achieve  low 
oxygen  costs. 

BURNING  PYRITES 

Large  amounts  of  pyrites,  both  as 
ores,  and  as  concentrates  from  copper, 
zinc,  and  gold-winning  operations  are 
not  now  being  processed.  Some  of  these 
ores  are  in  remote  places  where  water 
power  is  available  but  where  coal  and 
coke,  for  reduction  of  the  ore,  are  at 
great  distances  and  thus  are  expensive. 
Also  some  of  the  ores  are  not  rich 
enough  in  sulphur  and  require  addi- 
tional fuel  or  oxygen-enrichment  for 
reduction  operations.  Very  substantial 
amounts  of  concentrated  iron  pyrites 
tailings  are  being  discarded  at  some 
mining  operations,  where  it  is  not 
feasible  now  with  exisiting  processes 
to  recover  the  iron  and  sulphur  from 
them. 

The  use  of  oxygen  may  be  the 
answer  to  the  problem  of  utilizing 
these  ores,  l)y  providing  the  basis  for 
solving  the  critical  economics  involved. 
Large-scale  use  of  oxygen  is  involved 
in  such  operations,  but  it  is  difficult 
to  predict  oxygen  production  costs 
without  study  of  individual  projects. 
Ambient  temperatures,  water  supply, 
power  cost  and  availability  are  of 
prime  consideration  for  locations  in 
very  cold  climate  or  in  desert  areas. 
As  shown  previously,  oxygen  produc- 
tion costs  are  highly  dependent  upon 
such  conditions. 


Table  2 — Approximate  Amount  Of  95  Per  Cent  Oxygen  Required  To  Increase  Capacity 
Of  a  50-Ton,  Day  Sulphuric  Acid  Plant  By  Oxygen-Enriched  Air 

Tons  95  Per  Cent  Oo/day 


Per  Cent 

Chamber 

Contact 

Increase 

Tons 

Plant 

Plant 

H2SO4 

H2SO4 

Burning 

Burning 

Capacity 

/day 

Pyrite 

Sulphur 

0 

50 

0 

0 

10 

55 

5 

4 

20 

60 

10 

8 

50 

75 

27 

22  • 

80 

90 

35.5 

29 

100 

100 

37.5 

31 

25 


NONFERROUS   METALLURGICAL  USES 

From  an  economic  standpoint  the 
use  of  oxygen-enriched  air  for  non- 
ferrous  ore  reduction  operations  is 
very  attractive.  Of  prime  interest  are 
smehing  operations  involving  copper, 
nickel,  zinc,  and  lead  ores.  The  bene- 
ficial effects  of  oxygen  arise  mainly 
from  the  higher  temperatures  attain- 
able with  oxygen-enriched  air,  and  the 
possibility  of  maintaining  reactions 
which  would  otherwise  require  addi- 
tional fuel.  High  temperature  is  bene- 
ficial not  only  to  increase  reaction  rate 
but  also  to  allow  the  use  of  fluxes  to 
form  higher  melting-point  slags  which 
now  cannot  be  handled  in  air-supplied 
operations.  New  fluxing  materials  well 
may  allow  better  control  of  reduction 
operations  and  result  in  better  metal 
recovery. 

Research  has  been  carried  on  in- 
volving the  use  of  oxygen-enriched  air 
on  fluidized  low-grade  sulphide  ores, 
and  operations  have  been  carried  out 
using  oxygen-enrichment  in  Her- 
reschoff  burners,  both  here  and 
abroad.  Few  pilot-plant  data  are  as  yet 
available  to  indicate  clearly  the  extent 
of  oxvgen-enrichment  required  for  the 
most  economical  operation.  Enrich- 
ment of  oxygen  to  at  least  26  per  cent 
seems  likely  and  perhaps  greater  con- 
centrations will  prove  useful.  Copper 
matte  requires  large  amounts  of  air 
in  present-day  converters.  Oxygen  is 
applicable  to  reduce  the  quantity  of 
air  for  such  operations,  and  to  increase 
the  capacity  of  equipment  now  in  use. 

It  has  been  estimated  that  cheap 
oxygen  would  reduce  markedly  the  op- 
erating costs  in  the  winning  of  nickel 
from  nickel  sulphide  ores.  There  are, 
however,  no  published  data  available 
on  any  experimental  work  in  this  field. 
Oxygen  would  be  applied  for  the  same 
reasons  as  outlined  for  copper. 

One  company  at  Trail,  B.  C,  has 
been  using  oxygen  enrichment  for  the 
past  few  years  for  roasting  of  zinc 
sulphide  concentrates  in  Herreschoff 
furnaces.  Estimates  indicate  that  in 
North  America  there  are  more  than 
one  million  tons  of  zinc  produced  per 
year.  This  would  indicate  a  large  po- 
tential use  for  oxygen. 

Lead  sulphide  ores  likewise  offer 
possibilities  for  extensixe  exploitation 


of  oxygen.  Low-grade  ores  not  now 
profitably  smelted  may  well  become 
important  if  low-cost  oxygen  can  be 
applied  successfully. 

IRON  AND  STE    ..  APPLICATIONS 

Oxygen  promises  great  economic  ad- 
vantages in  the  operation  of  pig-iron 
blast  furnaces,  Bessemer  converters 
and  open  hearths.  Oxygen  has  been 
used  in  the  steel  industry  in  quantities 
heretofore  considered  large  for  such 
purposes  as  cutting  and  welding  and 
for  scarfing  of  billets.  But  these  quan- 
tities are  small  compared  to  the  use  of 
oxygen  in  the  furnaces. 

The  early  work  on  the  use  of  oxygen 
in  blast  furnaces  was  done  in  Germany. 
Oxygen  of  about  95-98  per  cent 
strength  was  made  for  this  purpose  by 
the  Linde-Frankl  process.  It  was  used 
to  enrich  air  from  the  21  per  cent 
normal  oxygen  content  to  26  per  cent. 
Such  mild  enrichment  required  no 
changes  in  furnace  structures  or  re- 
fractories. Somewhat  higher  percent- 
ages of  oxygen  up  to  20  per  cent  have 
been  reported  in  the  German  literature 
for  ferronianganese  blast  furnaces. 

Russian  reports  indicate  that  the 
experimental  work  conducted  there  in 
recent  vears  has  jjeen  directed  toward 
a  much  larger  scale  than  in  Germany 

The  enrichment  of  air  to  26  per  cent 
oxygen  appears  at  first  sight  to  be  of 
small  extent,  but  the  blowing  engines 
deliver  enormous  amounts  of  blast  to 
the  furnaces  and  there  are  many  of 
them.  For  example,  a  survey  made  last 


year  showed  that  there  were  255  pig- 
iron  blast  furnaces  in  operation  in  the 
U.  S.  The  total  capacity  was  approxi- 
mately 68  million  tons  annually.  Tl  e 
average  amount  of  air  at  60°F  •<! 
30  in.  Hp  would  be  about  67  ct  ,., 
min./net  ton  of  pig  iron  produced  per 
day. 

Table  3  arbitrarily  classifies  the  255 
furnaces  in  groups  according  to  net 
tonnage  rated  capacity  and  shows  the 
calculated  average  cubic  feet  of  air 
used  per  minute  and  the  average  cubic 
feet  of  95  per  cent  oxygen  required  to 
enrich  the  blast  to  26  per  cent  oxygen 
assuming  no  increase  in  the  volume  of 
the  blast. 

If  all  of  the  255  furnaces  were 
equipped  with  apparatus  to  make  95 
per  cent  oxygen  and  to  enrich  the  blast 
to  26  per  cent  oxygen,  there  would 
be  required  almost  900,000  cu.  ft.  of  95 
per  cent  oxygen/min.  or  somewhat 
more  than  2,200  tons/hr.  Thus  the 
term  "tonnage  oxygen"  again  is  a 
happy  choice.  Of  course,  no  one  ex- 
pects that  all  blast  furnaces  will  be  so 
equipped  but  even  a  relatively  small 
number  of  furnaces  would  consume 
tremendous  quantities  of  oxygen.  Then 
again  the  above  figures  are  based  upon 
increasing  the  oxygen  content  only  5 
per  cent,  from  21  per  cent  to  26  per 
cent,  whereas  an  additional  5  per  cent 
appears  to  be  possible  with  little 
change  in  the  furnace  structure. 
Higher  percentages  undoubtedly 

See  OXYGEN  on  page  62 


Table  3 — Estimates,  Potential  Use  Of  Oxygen  In  U.  S.  Blast  Furnaces,  For  Enrichment 
Of  Air  To  26  Per  Cent  Oxygen 


Av.  Cu.  Ft. 

Av.  Total 

of  Air  at 

Av.  Cu.  Ft. 

Cu.  Ft./ 

60°  F.  and 

Min.  of 

Min.  of 

30-in.  Hg./ 

Added 

95  Per  Cent 

Tons 

Rated  Daily 

Number  of 

Min. /Fur- 

95 Per  Cent 

Oofor 

Oo 

Net  Tonnage 

Furnaces 

nace 

o.. 

All  Furnaces 

per  hour 

Below  200 

13 

>  13,100 

>     900 

±      9,100 

23 

200-300 

4 

16,800 

1,140 

4,560 

11 

300-400 

3 

23,500 

1,590 

5,770 

14 

400-500 

15 

30,200 

2,050 

30,750 

77 

500-600 

25 

36,900 

2,500 

62,500 

156 

600-700 

43 

43,600 

2,960 

127,280 

318 

700-800 

48 

50,300 

3,410 

163,680 

408 

800-900 

35 

57,000 

3,870 

135,450 

338 

900-1000 

14 

63,700 

4,320 

60,480 

151 

1000-1100 

17 

70,400 

4,770 

81,090 

202 

1100-1200 

24 

77,100 

5,220 

125,280 

313 

1200-1400 

14 

87,100 

5,900 

82,600 

205 

255 


888,470 
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He  gave 
tne  >\^orla 
a  ne>^  voice 


ALEXANDER  Ci  R  A  H  A  M   BELL 
by  Moffeii,  iyi8 


Alexander  Graham  Bell  was  a  teacher  of 
the  deaf.  He  was  also  a  trained  scientist  who 
made  it  possible  for  millions  upon  millions 
of  people  to  hear  each  other  by  telephone. 
The  telephone  brought  something  into  the 
world  that  had  not  been  there  before. 
For  the  first  time  people  were  able  to  talk 
to  each  other  even  though  separated  by 
long  distances. 
Horizons  broadened.   A  new  industry  was 


born,  destined  to  employ  hundreds  of 
thousands  of  men  and  women  and  be  of 
service  to  everyone  in  the  land. 
Alexander  Graham  Bell  was  a  great  human- 
itarian, not  only  as  a  teacher  of  the  deaf,  but 
in  his  vision  of  the  benefits  the  telephone 
could  bring  to  mankind. 
Bell's  vision  has  come  true.  It  keeps  on 
being  an  essential  part  of  this  nation-wide 
public  service. 
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The  Education  Of  Engineers 
For  Latin  America 

By    L.    E.    GRINTER 

This  article  will  be  published  in  Spanish  for  distribution  in  Latin  America. 


An  experience  with  Latin  American 
students  extending  over  nearly  twenty 
years  leads  me  to  venture  an  opinion 
as  to  the  kind  of  engineering  or  tech- 
nological education  that  would  lead 
the  Latin  American  countries  into  the 
forefront  of  industrialized  nations. 
The  thoughts  expressed  here  have  de- 
veloped through  personal  observation 
of  the  educational  systems  of  Mexico, 
France,  England  and  the  United  States 
of  America  and  through  contact  with 
students  from  nearly  all  of  the  Latin 
American  countries  as  well  as  those  of 
Europe  and  Asia. 

Wherever  European  educational 
methods  have  been  transplanted  to 
other  countries,  particularly  the  educa- 
tional methods  of  France  and  England, 
we  find  great  emi)hasis  upon  the  philo- 
sophical, cultural  and  theoretical  as- 
pects of  technological  education  with 
less  emphasis  upon  the  laboratory  and 
the  practical  side  of  engineering. 
Moreover,  such  European  systems  have 
carried  with  them  the  concept  that  uni- 
versity education  is  inherently  limited 
to  those  of  exceptional  abilities  who 
naturally  form  a  very  small  percentage 
of  the  population.  These  two  concepts 
form  a  natural  limitation  upon  the 
number  and  the  kinds  of  engineers 
in  many  countries. 

We  may  generalize  by  saying  that 
in  common  with  most  other  countries 
which  have  followed  the  European 
system  of  education,  Latin  America 
has  an  insufficient  number  of  engineers 
but  that  those  in  practice  represent 
largely  the  select  minds  capable  of 
usinp  the  most  abstract  and  difficult 


mathematical  theories.  For  rapid  in- 
dustrialization several  times  as  many 
engineers  will  certainly  be  needed. 
And  it  is  also  clear  that  most  of  these 
additional  engineers  ought  to  be 
trained  not  so  completely  in  basic 
theory  but  more  completely  in  the 
practical  matters  of  laboratory  and 
pilot  plant  experimentation  and  in  the 
techniques  of  design,  construction,  and 
production. 

It  is  useful  to  compare  in  broad 
terms  the  engineering  educational  sys- 
tem of  the  United  States  with  those 
of  England,  France,  or  Latin  America. 
In  the  United  States  most  of  our  ener- 
gies have  lieen  devoted  to  mass  educa- 
tion of  average  students.  In  the  other 
countries  considered  here,  much  more 
emphasis  has  been  given  to  the  educa- 
tion of  superior  students.  Clearly  a 
well  rounded  educational  system 
would  perform  both  of  these  educa- 
tional services.  In  the  United  States  we 
must  find  a  way  of  giving  more  atten- 
tion to  the  engineering  student  of  ex- 
ceptional ability  who  will  become  the 
designer,  with  capacity  for  invention, 
or  the  research  man.  In  Latin  America 
it  seems  to  me  that  the  immediate  need 
is  for  additional  numl)ers  of  engineers 
trained  as  practical  men  to  carry  out 
the  fimctions  of  standardized  or  rou- 
tine design,  construction,  operation 
and  production. 

For  comparison  with  the  training  of 
engineers  in  each  country  of  Latin 
America  the  following  statistics  should 
be  of  interest.  In  the  United  States  the 
number  of  engineering  students  in  the 
colleges  increased  from  about  70,000 


in  1936  to  110,000  in  1941.  Then,  of 
course,  the  War  influence  reduced  the 
number  to  35,000  by  1944.  It  is  most 
significant  however  that  in  the  fall  of 
1946  nearly  225,000  young  men  in  the 
United  States  were  engaged  in  the 
study  of  engineering  as  fidl-time  col- 
lege students.  Recently  while  in  Eng- 
land I  was  told  that  fewer  than  5000 
young  men  were  studying  engineer- 
ing as  resident  students  in  the  uni- 
versities of  that  country. 

It  seems  self  evident  that  industrial- 
ization can  only  develop  rapidly  or  to 
its  full  flowering  when  engineers  are 
available  in  adequate  numbers.  Some 
skeptics  have  doubted  that  the  large 
numbers  of  engineers  trained  in  the 
LTnited  States  could  find  proper  em- 
ployment here.  Our  experience  has 
shown  however  that  industrialization 
progresses  as  rapidly  as  the  engineers 
can  be  educated  who  are  required  to 
lead  the  way. 

It  seems  likely  that  the  drastic  re- 
quirements for  successful  engineering 
study,  which  include  mathematical 
ability,  a  practical  sense  of  values  and 
capacity  for  making  decisions,  will  al- 
ways restrict  the  number  of  qualified 
engineers  below  the  number  that  could 
be  used  effectively.  Those  with  lesser 
abilities  will  naturally  fill  subordinate 
positions  as  engineering  assistants.  It 
seems  unwise  for  any  country  to' pro- 
vide inadequate  educational  facilities 
in  the  engineering  field  when  its  com- 
petitive existence  in  the  future  may 
well  depend  upon  the  quality  and  the 
numbei-s  of  its  engineers. 
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Because  photography  abohshes  distance . . 


You'd  think  this  quaint  rural  Guatemalan  campa- 
nario  with  its  century-old  bells  was  right  before 
you,  wouldn't  you?  . . .  that  shows  how  photogra- 
phy abolishes  distance. 

Because  of  photography's  unique  ability  to 
"bring"  Latin  America  north  .  .  .  North  America 
south  .  . .  business  and  industry  have  been  able  to 
put  it  to  many  and  varied  uses.  They  use: 

Motion  pictures  and  slide  films  ...  to  bring  manu- 
facturers closer  to  consumers,  dealers,  salesmen, 
employers. 

Photo  layout ...  to  close  the  gap  between  drafting 
boards  and  production  lines. 

Instrument    recording  ...  to   bring    electrical    or 

Functional  Photography 


mechanical  phenomena  into  the  laboratory  for 
analyzing  and  recording. 

Document   reproduction  ...  to  transfer   complete 
and  accurate  information. 

Photographic  illustration  ...  to  make  things  seem 
real  even  though  they're  far  away. 

Photomicrography  .  . .  to  jump  the  barriers  between 
the  in\  isible  and  the  visible. 

This  may  give  you  an  idea  of  some  of  the  ways 
photography  can  be  useful  because  of  its  ability 
to  abolish  distance.  You'll  find  others  in  our  booklet, 
"Functional  Photography."  Write  for  it.  It  is  free. 


Eastman  Kodak  Company,  Rochester  4,  N.  Y. 


is  advancing  business  and  industrial  technics 
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MIDWEST  POWER  CONFERENCE 
PRELIMINARY  PROGRAM 

March  31,  April  1-2,  1947 
Palmer  House,  Chicago 


The  Midwest  Power  Conference  was 
reorganized  in  1938  as  a  cooperative 
institution  with  university  and  tech- 
nical society  associations.  The  major 
responsibility  and  sponsorship  has 
been  centered  in  Illinois  Institute  of 
Technology  which  operates  the  con- 
ference with  the  cooperation  of  the 
mid-western  universities  and  the  local 
and  national  societies  listed  on  the 
cover. 

The  purpose  of  the  Power  Confer- 
ence has  been  established  as  that  of 
offering  an  opportunity  for  all  persons 
interested  in  power  production,  trans- 
mission or  consumption  to  meet  to- 
gether annually  for  the  study  of 
mutual  problems  free  from  the  re- 
strictions of  required  memberships  in 
technical  or  social  organizations.  Aca- 
demic sponsorship  should  permit  the 
freest  possiI)le  discussion  ranging  from 
the  technical  through  the  economic 
and  into  the  social  aspects  of  the  sub- 
ject. Invitations  are  extended  to  all 
persons  interested  in  the  Nation's 
power  problems. 

University   Representatives 

M.  P.  CLEGHORN         W.  A.  LEWIS 


D.  D.  EWING 

Purdue  Universilv 


J.  S.  GAULT 

Universily  of  Mirhiean 


L.  G.  MILLER 

Michigan  Stale  College 


N.  A.  PARKER 

Universily  of  Illinois 


E.  W.  KIMBARK  R.  E.  SUMMERS 

Nnrlhweslem  llniversilv  Universily  of  Minnesol 


E.  B.  KURTZ 

Slale  University  of  low 


M.  O.  WITHEY 

University  of  Wiscoi 


Monday,   March   31,   1947 

9:00  A.  M.  Registration,  Palmer 
House. 
10:15  A.M.  Opening  Meeting.  Chair- 
man :  W.  A.  Lewis,  Illinois  Institute 
of  Technology. 

(a)  Address  of  Welcome.  M.  O.  Withey, 
Dean,  College  of  Engineering,  Univer- 
sily of  Wisconsin. 

(b)  Trends  in  Electric  Power  Supply.  Col- 
onel H.  S.  Bennion,  Managing  Director, 
Edison  Electric  Institute,  New  York. 

(c)  The  Economic  Situation  of  the  Present, 
and  What  It  Presages  for  the  Future. 
Pearce  Davis,  Director,  Dept.  of  Busi- 
ness and  Economics,  Illinois  Institute 
of  Technology. 

(d)  Depreciation  Rates.  Robley  Winfrey, 
Research  Professor  of  Engineering  Val- 
uation, Iowa  State  College. 

12:15  P.  M.  Joint  Luncheon  with  A.S. 
M.E.  Chairman:  B.  H.  Jennings, 
Chairman,  Chicago  Section,  A.S. 
M.E. 

Speaker:  Arrangements  pending. 

2:00  P.M.  Central  Station  Practice. 

Chairman:   D.  G.  Reid,  Chairman, 

Power  &  Fuels  Div.,  Chicago  Section, 

A.S.M.E. 

(Sponsored  and  arranged  by  the  Power 
and  Fuels  Div.,  Chicago  Section, 
A.S.M.E.) 

(a)  Central  Station  Combustion  Control 
Problems.  C.  H.  Smoot,  Republic  Flow 
Meiers  Co.,  Chicago. 

(b)  Inspection  for  Safety  Power  Plant 
Equipment.  Wm.  D.  Halsey,  Chief  En- 
gineer, Boiler  Div.,  Hartford  Steam 
Boiler  Inspection  and  Insurance  Co., 
Hartford,  Conn. 

(c)  Discussion. 

2 :00  P.  M.  Developments  in  Heating. 
Chairman:  Oliver  J.  Prentice,  C.  A. 
Dunham  Co.,  Chicago. 


(a)  Panel  Heating  with  Air.  H.  F.  Ran- 
dolph, Vice  President,  International 
Heater  Co.,  Utica,  N.  Y. 

(bl  Baseboard  Radiation  Developments. 
W.  S.  Harris,  Dept.  of  Mechanical  En- 
gineering, University  of  Illinois. 

(c)  Losses  in  the  Cycle  of  a  Heat  Pump 
Using  a  Ground  Coil.  R.  A.  Buden- 
holzer.  Armour  Research  Foundation 
of  the  Illinois  Institute  of  Technology. 

(d)  Discussion. 

3:45  P.M.  Diesel  Power.  Chairman: 
R.  E.  Summers,  University  of  Minne- 
sota. 

(a)  Diesel  Developments  of  Significance. 
C.  G.  A.  Rosen,  Director  of  Research, 
Caterpillar  Tractor  Co.,  Peoria,  111. 

(b)  The  Performance  of  the  Diesel  Loco- 
motive, A.  G.  Hoppe,  General  Supt., 
Locomotive  and  Car  Depts.,  Chicago, 
Milwaukee,  St.  Paul,  &  Pacific  R.  R. 
Co..  Milwaukee. 

(c)  Discussion. 

3:45  P.  M.  Power  Supply  for  Fluctuat- 
ing Loads.  Chairman:  E.  W.  Kim- 
bark,  Northwestern  University. 

(a)  Power  Supply  to  Fluctuating  Loads  on 
a  4000-Volt  Distribution  System.  H.  E. 
Smith,  Distribution  Planning  Engineer, 
Commonwealth  Edison  Co.,  Chicago. 

(b)  Industrial  Plant  Power  Distribution 
System.  C.  W.  Wright,  Electrical  Engi- 
neer, Delco  Products  Div.,  General 
Motors  Corp..  Dayton,  Ohio. 

(c)  Discussion. 

Tuesday,    April    1,    1947 

9:00  A.M.  Power  System  Loads. 
Chairman:  D.  D.  Ewing,  Purdue 
University. 

(a)  Load  Statistics  of  the  Electric  Light  and 
Power  Industry.  George  L.  Jorgensen, 
Statistician,  Commonwealth  Edison 
Co..  Chicago. 

(b)  Lighting  as  a  Distribution  System 
Load.  O.  A.  Hill,  Jr.,  Public  Service  Co. 
of  Northern  Illinois,  Maywood,  111. 

(c)  Discussion. 
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9:00  A.M.  Developments  in  Air  Con- 
ditioning. Chairman:  William  Good- 
man, Illinois  Institute  of  Technolo- 
gy- 

(a)  Compressors  for  Air  Conditioning.  A. 
B.  Newton,  Chief  Engineer,  Airtemp 
Div.,  Chrysler  Corp.,  Dayton,  Ohio. 

(b)  Postwar  Air  Conditioning  Advances. 
John  Hertzler,  Vice  President,  York 
Corp.,  York,  Pa. 

(c)  Discussion. 

10:30  A.M.  Hydro  Power  No.  1.  Chair- 
man :  F.  M.  Dawson,  State  University 
of  Iowa. 

(a)  Keokuk  Hydro — A  Third  of  a  Century 
Old.  P.  L.  Mercer,  Plant  Manager,  Un- 
ion Electric  Power  Co.,  Keokuk,  Iowa. 

(b)  Coordination  of  Hydro  and  Steam 
Power  in  the  Missouri  Basin.  E.  Robert 
de  Luccia,  Chief,  Bureau  of  Power, 
Federal  Power  Commission.  Washing- 
ton, D.  C. 

(e)  Discussion. 

10:30  A.M.  Fuels  and  Combustion. 
Chairman:  N.  A.  Parker,  University 
of  Illinois. 

(a)  Energy  Sources  of  Tomorrow.  Ralph 
A.  Sherman,  Supervisor,  Fuels  Div., 
Battelle  Memorial  Institute,  Columbus, 
Ohio. 

(b)  Methods  of  Firing  Pulverized  Coal. 
(Illustrated  by  colored  motion  pic- 
tures.) Otto  de  Lorenzi,  Director  of 
Education,  Combustion  Engineering 
Co.,  New  York. 

(c)  Discussion. 

12:15P.M.  Joint   Luncheon    with 
A.I.E.E.    Chairman:    L.    R.    Janes, 
Chairman,  Chicago  Section,  A.I.E.E. 
Speaker:   W.  C.  Johnson,  Vice  Presi- 
dent, Allis-Chalmers  Manufacturing 
Co.,  Milwaukee. 

2:00  P.M.  Power  Cables.  Chairman: 
P.  B.  Garrett,  Chairman,  Power 
Group,  Chicago  Section,  A.I.E.E. 

(Sponsored  and  arranged  by  the  Power 
Group,  Chicago  Section,  A.I.E.E.) 

(a)  Aerial  Cables  for  Electric  Distribution. 
George  H.  Landis,  Electrical  Distribu- 
tion Manager,  Central  Hudson  Gas  and 
Electric  Corp.,  Poughkeepsie,  New 
York. 

(b)  Corrosion  of  Underground  Cable 
Sheaths  Due  to  Local  Cells.  L.  F.  Greve, 
Commonwealth  Edison  Co.,  Chicago. 

(c)  Discussion. 

2:00P.M.  Small  Power  Plants. 
Chairman:  M.  P.  Cleghorn,  Iowa 
State  College. 

(a)  Power  for  the  Paper  Industry.  Robert 
Krause,  Ass't  Plant  Manager,  Contain- 
er Corporation  of  America,  Chicago. 

(b)  Reduction  of  Air  Pollution  from  Small 
Boiler  Plants.  Parker  A.  Moe,  Gates, 


Moe  &  Weiss,  Engineers,  Milwaukee. 
(c)  Discussion. 

3:30  P.M.  Electronics  in  Industry 
No.  1.  Chairman:  L.  T.  Rader,  Illi- 
nois Institute  of  Technology. 

(a)  Good  and  Bad  Electronic  Heating  Ap- 
plications in  the  Wood  Industry.  John 
M.  Cage,  Manager,  Industrial  Elec- 
tronics Div.,  Raytheon  Manufacturing 
Co.,  Waltham,  Mass. 

(b)  Latest  Developments  in  Electronic  Con- 
trol. W.  D.  Cockrell,  Industrial  Engi- 
neering Div.,  General  Electric  Co., 
Schenectady. 

(c)  Discussion. 

6:45  P.  M.  '"All  Engineers"  Dinner. 
Informal.  Grand  Ball  Room.  (Ladies 
Invited.) 

Toastmaster:  James  D.  Cunningham, 
President,  Republic  Flow  Meters  Com- 
pany, Chicago. 

Speaker:  Richard  R.  Deupree,  Execu- 
tive Chairman,  Army  &  Navy  Munitions 
Board,  Washington,  D.  C,  and  Presi- 
dent, The  Procter  &  Gamble  Company, 
Cincinnati,  Ohio. 

Wednesday,   April   2,    1947 

9:00A.M.  Metallurgy  of  Power 
Plants.  Chairman:  Otto  Zmeskal, 
Illinois  Institute  of  Technology. 

(a)  Metallurgical  Considerations  in  H.T.- 
H.P.  Piping  Layouts.  J.  J.  Kanter,  Ma- 
terials Research  Engineer,  Crane  Co., 
Chicago. 

(b)  Materials  as  a  Consideration  in  Modem 
Boiler  Feed-Pump  Construction.  Hugh 
Ross,  Chief  Engineer,  Centrifugal 
Pump  Dept.,  Allis-Chalmers  Manufac- 
turing Co.,  Milwaukee. 

(c)  Discussion. 

9:00  A.M.  Electronics  in  Industry 
No.  2.  Chairman:  E.  B.  Kurtz,  State 
Universitv  of  Iowa. 

(a)  Electronics  in  Power  and  Process  In- 
strumentation and  Control.  C.  H.  Bar- 
nard, Application  Engineer,  Bailey 
Meter  Co.,  Cleveland. 

(b)  Power  Line  Carrier  Current  Equip- 
ment. R.  C.  Cheek,  Central  Station 
Division,  Westinghouse  Electric  Corp., 
East  Pittsburgh. 

(c)  Discussion. 

10:30  A.M.  Hydro  Power  No.  2.  Chair- 
man: Ben  Elliott,  University  of  Wis- 
consin. 

(a)  Correlation  of  Hydro-Plant  and  Steam- 
Plant  Operation.  Vincent  Thieman, 
Wisconsin  Public  Service  Corp.,  Green 
Bay,  Wis. 

(b)  Discussion. 

10:30A.M.  FeedwaterTreatment. 
Chairman:  L.  G.  Miller,  Michigan 
State  College. 


(a)  Demineralized  Water.  Lyie  B.  Porter, 
Director  of  Research,  Illinois  Water 
Treatment  Co.,  Rockford,  111. 

(b)  Removal  of  Carbon  Dioxide  from  Alka- 
line Waters.  Arthur  E.  Kittredge,  Vice 
President  and  Chief  Engineer,  Coch- 
rane Corp.,  Philadelphia. 

(c)  Discussion. 

12:15P.M.  Joint  Luncheon  with 
W.S.E.  Chairman:  Titus  G.  LeClair, 
President,  Western  Society  of  Engi- 
neers. 

Speaker:  Preston  T.  Tucker,  President, 
Tucker  Corporation,  Chicago. 

2:00  P.M.  General  Session.  Chair- 
man: Herman  Halperin,  Chairman, 
Civic  Committee,  Western  Society  of 
Engineers. 

(Sponsored  and  arranged  by  the 
W.S.E.) 

Subject:  Increasing  the  Engineers'  Con- 
tribution to  Civic  Progress. 
Speakers: 

Mayor  Edward  J.  Kelly,  City  of 
Chicago; 

R.  M.  Gates,  President,  Air  Preheater 
Corp.,  New  York; 

Joseph  D.  Lobman,  Lecturer  in  Sociol- 
ogy. University  of  Chicago,  and  Direc- 
tor of  Race  Relations,  Julius  Rosenwald 
Fund. 

3:30  P.M.  Gas  Turjjines:  Chairman: 
John  T.  Rettaliata,  Illinois  Institute 
of  Technology. 

(a)  Where  Will  the  Gas  Turbine  Fit  as  a 
Stationary  Power  Plant?  L.  N.  Rowley, 
Managing  Editor,  and  B.  G.  A.  Skrotzki, 
Associate  Editor,  Power,  New  York. 

(b)  Recent  Gas  Turbine  Developments  at 
Brown-Boveri.  Paul  R.  Sidler,  Presi- 
dent, Brown-Boveri  Corp.,  New  York. 

(c)  The  Coal-Burning  Gas  Turbine  Power 
Plant.  John  I.  Yellott,  Director  of  Re- 
search, Locomotive  Development  Com- 
mittee, Baltimore. 

(d )  Discussion. 

3:30  P.M.  Transmission  and  Distribu- 
tion. Chairman:  J.  S.  Gault,  Univer- 
sity of  Michigan. 

(a)  Unit  Substations  for  Distribution  Sys- 
tems. R.  L.  Witzke,  Central  Station  En- 
gineer, Westinghouse  Electric  Corp., 
East  Pittsburgh. 

(b)  Six-Year  Operating  Record  of  Trans- 
mission Lines  Designed  for  Improved 
Performance  Under  Lightning  Condi- 
tions. E.  W.  Oesterreich,  Superintend- 
ent of  Distribution,  Duquesne  Light 
Co.,  Pittsburgh. 

(c)  Electric  Power  —  Its  Relation  to  Na- 
tional Security.  John  W.  Swaren.  Re- 
search Analyst,  Industrial  College  of 
the  Armed  Forces,  Washington,  D.  C. 

(d)  Discussion. 
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DISPLACED 

(Continued  from  Page  21) 

Hardly  any  of  these  children  know 
anything  about  relations  living;  at 
least  that  is  the  claim.  Where  are  they 
expected  to  go?  The  answer  is  one 
word  "Eretz"  which  translated :  "The 
Land,"  and  means  Palestine. 

BUCHENVVALD  CHILDREN 

A  group  by  itself  is  the  so-called 
"Buchenwald  children."  Buchenwald 
was  a  large  concentration  camp  near 
Weimar,  the  city  of  Goethe  and  the 
jjirthplace  of  the  Weimar  Republic. 
Here  the  Germans  concentrated 
prisoners  evacuated  from  other  camps 
who  managed  to  survive  the  death 
marches  in  the  winter  blizzards  of 
1944-1945.  When  the  American  tanks 
entered  Buchenwald.  the}'  found 
among  the  manv  thousand  prisoners 
of  all  nations  and  creeds,  an  estimated 
one  thousand  youngsters  in  their  teens 
emaciated  from  starvation,  ridden  with 
disease,  and  covered  with  lice.  Blood 
transfusions,  continuous  feeding,  medi- 
cal care,  and  encouraging  friendly 
companionship  of  the  army  chaplains. 
Red  Cross  and  UNRRA  personnel 
nursed  many  of  them  back  to  life. 
Many  of  them  died  after  liberation. 

Switzerland  agreed  to  accept  a  num- 
])er  of  them.  Others  were  taken  to 
France.  Some  of  them  distrusted  every- 
body and  went  roaming  through  the 
countryside,  begging  and  stealing,  at- 
taching themselves  to  American  and 
English  military  units.  Some  of  these 
youngsters  barely  knew  their  given 
names.  Some  of  them  know  that  there 
is  an  Uncle  Charley  in  Detroit  and  an 
Uncle  Jake  in  California,  l)ut  what  are 
their  last  names?  These  youngsters  are 
being  trained  in  modern  trade  schools 
organized  l)y  charity  organizations 
such  as  the  (VrT  or  the  OSE,  the  funds 
for  which  come  from  all  North  and 
South  America,  France,  South  Africa, 
and  local  sources.  These  arc  modern 
schools  with  modern  equipment  and 
teachers  of  the  highest  technical  and 
pedagogical  standings. 

DP'S    OF   CHRISTIAN   FAITHS 

By  the  middle  of  September  I  got 
my  clearance  for  Germany  under  the 
ausiiiccs  of  the  UNRRA,  with  com- 
plete   freedom    of    movement,    unre- 


stricted selection  of  human  samples, 
and  no  attempt  at  eenorship  of  the 
collected  material.  Only  here  did  I 
obtain  a  broad  view  of  the  problem  of 
the  displaced  persons.  According  to 
latest  reports,  there  are  in  the  Amer- 
ican Zone  about  500,000  DP's  of  whom 
only  about  125,000  are  Jews.  The  rest 
are  Letts,  Latvians,  Estonians,  Balkans, 
and  Poles.  There  are  also  a  few  thou- 
sand Mennonites  who  came  from  the 
Russian  Ukraine. 

THE  BALTICS 

These  are  the  Estonians,  Latvians, 
and  Lithuanians.  After  the  short-lived 
Russo-German  agreement,  Soviet  Rus- 
sia acquired  the  right  to  construct 
liases  in  the  Baltic  states.  With  this 
there  l)egan  a  movement  for  the  re- 
incorporation of  the  Baltic  states  into 
Russia,  from  which  they  were  sepa- 
rated after  World  War  L  Then  the 
Germans  came  and  "liberated"  the 
Baltic  states.  My  interviewees  tell  me 
that  Ijefore  the  arrival  of  the  Germans, 
many  Letts  were  forcibly  evacuated 
into  Russia,  and  many  fearing  the  Ger- 
mans fled  voluntarily  with  tlie  retreat- 
ing Russians.  A  part  of  the  remainder 
received  the  Germans  as  their  lib- 
erators, took  active  part  in  rounding 
up  of  the  connnunists,  often  coop- 
erated in  tracking  down  and  exterm- 
inating the  Jews,  and  adapted  them- 
selves to  the  Nazi  order.  Then  again 
in  1944  the  Russians  started  pressing 
at  the  borders,  and  now  the  Germans 
forcibly  evacuated  anybody  fit  for 
work.  Those  Letts  who  actively  col- 
laborated with  the  Germans  fled  vol- 
untarily with  the  German  Armies. 
Thev  enjoved  reasonable  freedom  of 
movement  and  in  general  were  not  con- 
sidered enemies. 

They  live  now  in  displaced  persons" 
camps.  Their  morale  is  that  of  vol- 
untary exiles  from  their  country, 
which  they  consider  invaded  by  an 
enemy.  Not  having  been  sul)mitted, 
at  least  in  systematic  fashion,  to  con- 
centration camp  regime  they  are  in 
Ijetter  health  than  the  Jewish  DP's. 
Convinced  (or  capitalizing  on  the  as- 
sumption) that  the  war  was  fought  for 
high  ideals  of  liberty  and  the  Atlantic 
Charter,  many  of  them  expect  from 
day  to  day  a  clash  between  the  western 
powers  and  Soviet  Russia,  for  the  pri- 


mary purpose  of  restoring  freedom  to 
the  smaller  and  now  oppressed  nations 
such  88  the  Baltics  and  the  Poles. 

A  camp  of  the  Baltics,  such  as 
Lohengruen  Camp,  in  Munich,  im- 
presses one  by  its  organized  self- 
government.  There  are  schools  from 
kindergarten  to  high  school  and  junior 
college  (equivalent  to  the  Russian  or 
German  Gymnasium);  there  are  a 
conservatory  of  music,  a  school  of  art, 
theaters,  a  library,  and  other  cultural 
facilities.  There  are  improvised 
churches  of  Greek  Orthodox  and  Lu- 
theran faiths.  A  number  of  their  young 
people  (summer  1946)  attend  the 
LTNRRA  university  located  in  the  rem- 
nants of  the  Gemian  Museum  of 
Munich.  As  to  their  living  conditions, 
there  is  no  separation  of  the  sexes,  no 
separation  by  family  units.  Several 
families  live  in  one  room — often  with 
one  broad  bed  for  a  family.  Where  the 
bunks  are  double-leveled,  there  is 
often  one  couple,  sometimes  with  a 
child,  in  the  lower  level,  and  another 
in  the  upper.  Captain  Bob  Zeplaek, 
for  instance,  who  for  sixteen  years  ran 
Standard  Oil  tankers  along  the  Amer- 
ican east  coast  and  worked  as  a  watch- 
man in  fashionable  golf  clubs  in  Penn- 
sylvania, tells  on  the  wire  recorder: 
"Tn  our  rooms  we  are  visually  sep- 
arated, but  with  our  ears  we  all  live 
together." 

THE  BALKAN  DP's 

Like  the  Letts  most  of  the  Balkan 
DP's  did  not  come  to  Germany  volun- 
tarily, at  least  not  the  civilians.  They 
were  conscripted  by  the  Germans  as 
lal)orers,  or  forcibly  evacuated,  or  fled 
with  the  retreating  Germans  to  avoid 
prosecution  as  alleged  collaboration- 
ists. Part  of  the  Balkan  DP's  are  so 
called  "white"  Russians,  former  Tsar- 
ist officers  who  offered  armed  resist- 
ance to  the  advent  of  the  Soviets  in 
1917  and  1918.  When  the  forces  of 
Baron  Wrangel  were  beaten,  part  of 
the  survivors  escaped  to  Romania  and 
Yugoslavia.  They  were  "evacuated"  by 
the  retreating  Germans. 

THE    POLES 

Among  the  DP's  are  also  the  so 
called  Anders  Poles,  variously  esti- 
mated   to    exceed    50,000.    These    are 

(Continued  on  Page  34) 
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The  Synthesis  of  Nylon 


Chemists  of  original  nylon  research  team  honor  memory  of  Dr.  Carothers  at  the  dedica- 
tion. They  ore:  J.  W.  Hill,  Ph.  D.,  flA.  I.  T.  '28;  H.  B.  Dyksira,  Ph.  D.  Ohio  Slate  '27;  G.  J. 
Berchet,  Ph.  D.  Colorado  '29;  J.  E,  Kirby,  Ph.  D.  Iowa  State  '29;  E.  W.  Sponagel,  Ph.  0. 
McGill  '33;  D.  D.  Coffman,  Ph.  D.  Illinois  '30;  and  F.  J.  Van  Natta,  Ph.  D.  Michigan  '28. 
Dr.  Carothers  received  his  Ph.  D.  from  Illinois  in  1924. 


Recently  the  Nylon  Research  Labora- 
tory near  Wilmington  was  dedicated  as 
"The  Carothers  Research  Laboratory," 
in  honor  of  the  late  Wallace  Hume 
Carothers  and  his  classical  researches 
on  the  structure  of  polymers,  the  mech- 
anism of  polymerization,  and  the  in- 
vention of  nylon. 

In  1928,  a  group  of  chemists  under 
Carothers  began  a  study  of  polycon- 
densation  which  led  eventually  to  the 
discovery  of  nylon.  The  project  was 
part  of  a  program  of  fundamental  re- 
search to  discover  scientific  facts  which 
might  be  of  eventual  value  in  laying  a 
foundation  for  applied  research. 

As  the  first  point  of  attack,  they  chose 
the  condensation  of  dibasic  acids  with 
glycols  and  reaction  materials  which 
would  preclude  the  formation  of  rings. 
They  obtained  linear  polymers  of  mo- 
lecular weights  between  2300  and  5000. 

Molecular  Weights  Increased 

After  two  years,  a  significant  advance 
in  linear  polymer  preparation  was 
achieved.  Through  the  use  of  the  molec- 
ular stiU,  it  was  possible  to  obtain  ma- 
terials of  molecular  weights  between 
10,000  and  25,000,  which,  when  molten, 
could  be  drawn  into  filaments. 

More  important,  the  cooled  super- 
polyester  filaments  could  be  further 
drawn  into  fibers  several  times  their 


original  length  and  thereby  acquired 
luster,  tensile  strength,  elasticity,  plia- 
bility, and  toughness  much  greater  than 
the  initial  polymer.  In  contrast  with 
ordinary  textile  fibers,  their  tensile 
strength  was  unchanged  by  wetting. 

The  striking  properties  of  the  fibers 
aroused  the  hope  of  finding  a  commer- 
cial fiber  from  some  type  of  linear 
superpolymer.  Investigation  showed, 
however,  that  fibers  from  the  polyesters 
were  too-low  melting  and  too  soluble 
for  textile  purposes.  Mixed  polyester- 
polyamides  were  also  not  of  interest  in 
this  category. 

Research  on  Fibers 

The  possibility  of  a  commercial  fiber 
development  seemed  remote,  but  the 
intuition  that  frequently  accompanies 
research  genius  prevailed,  and  Carothers 
was  encouraged  to  direct  his  research 
on  superpolymers  specifically  toward 
spinnable  fibers.  A  polyamide  from  9- 
aminonanoic  acid  gave  a  fiber  of  195°C. 
melting  point,  equal  in  strength  to  silk, 
and  clearly  indicated  the  possibility  of 
obtaining  a  material  for  fibers  of  com- 
mercial utility. 

In  1935,  the  superpolymer  from  hexa- 
methylene  diamine  and  adipic  acid  was 
first  synthesized.  It  melted  at  263°C., 
was  insoluble  in  common  solvents. 


Dr.  Wallace  Hume  Carothers 

1896-1937,  was  the  first  organic  chemist  in 
industry  to  be  elected  to  the  Notional  Academy 
of  Sciences.  During  his  short  scientific  career  he 
made  contributions  that  hove  greatly  enriched 
American  life. 


tough,  elastic  and  had  the  best  balance 
of  properties  and  manufacturing  costs 
of  any  of  the  polyamides  then  known. 
A  third  period  of  research  covered 
commercial  development.  The  task  was 
enormous,  and  to  reduce  to  a  minimum 
the  "time  between  the  test  tube  and 
the  counter"  a  large  force  of  some  of 
the  most  competent  chemists,  physi- 
cists, chemical  and  mechanical  engi- 
neers available  was  assigned  to  the 
project.  The  story  of  the  manufacture 
of  nylon  will  be  told  next  month. 


Questions  College  Men  ask 
about  working  with  Du  Pont 

Where  would  I  be  located? 

Openings  for  technical  graduates 
may  exist  in  any  one  of  the  35  Du 
Pont  research  laboratories  or  83 
manufacturing  plants.  Every  eiTort 
is  made  to  place  men  in  positions 
for  which  they  are  best  suited  and 
In  the  section  of  the  country  which 
they  prefer.  Write  for  new  booklet, 
"The  Du  Pont  Company  and  the 
College  Graduate."  2521  Nemours 
Bldg.,  Wilmington  98,  Delaware. 


More  facts  about  Du  Poraf— Listen  to  "Cavalcade  of  Ainerica,"  Mondays,  8  P.M.  EST,  on  NBC 


BETTER    THINGS    FOR    BETTER    LIVING 
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(Continued  jrom  Page  32) 

mostly  members  of  Polish  combat 
units  who  fought  on  the  side  of  the 
Allies,  and  refuse  to  return  to  Poland 
while  the  present  regime  is  in  power. 

THE  MENNONITES 

The  Mennonites  are  a  Protestant 
sect  consisting  of  mild-mannered,  soft- 
spoken  people,  who  left  Holland  about 
two  hundred  years  ago,  ostensibly  to 
avoid  religious  persecution  and  partly 
because  of  the  shortage  of  farm  land. 
On  the  invitation  of  the  Russian  Tsars 
they  colonized  some  fertile  tracts  of 
southern  Russia  and  were  guaranteed 
freedom  from  compulsion  to  bear 
arms.  In  exchange  for  the  latter  priv- 
ilege the  Mennonite  males  had  to  serve 
in  the  forestry  service  of  the  Russian 
government. 

Through  all  the  years  their  language 
remained  a  kind  of  corrupted  Dutch, 
while  the  church  services  still  continue 
in  German.  The  fifth  column  work  of 
the  Nazis  caused  the  Russian  security 
police   to    become    suspicious    of   the 


Mennonites.  The  suspicions  were 
nursed  by  the  resentment  of  the  Men- 
nonites against  the  religious  policies  of 
the  Soviets,  and  their  opposition  to 
the  alleged  efforts  on  the  part  of  the 
Russians  to  force  them  into  active  mil- 
itary service.  They  admit  that  they  saw 
in  the  advent  of  the  Germans  an  op- 
portunity for  their  liberation.  They 
followed  the  retreating  Germans  into 
the  present  American  zone.  They  were 
not  interned  by  the  Germans  in  con- 
centration camps  but  were  given  work 
assignments  and  ration  cards.  And  now 
they  live  in  UNRRA  barracks  waiting 
for  deliverance  by  their  brothers  in 
faith  who  reside  at  present  in  Canada, 
in  the  U.  S.  A.,  and  in  Latin  America. 


All  together  there  are  at  present 
nearly  a  million  people  (not 
counting  displaced  Germans)  who 
have  been  forcibly  uprooted  by  the  war 
and  roam  foreign  lands  in  search  of 
a  place  they  can  call  their  own.  What 
they  want  most  is  a  return  to  the  simple 
requirements  of  cultured  living.  They 


crave  some  privacy.  They  want  their 
own  kitchens,  their  civilian  types  of 
clothes,  they  want  little  things  which 
make  life  personal  and  which  are  the 
indispensable  attributes  of  human  life 
above  the  purely  organic  level.  We 
must  learn  to  understand  that  the  DP's, 
in  spite  of  their  depredations,  are  not 
riff-raff,  not  the  scum  of  humanity,  not 
the  poor  devils  who  suffer  because  they 
don't  know  their  rights,  not  idlers  who 
think  "that  the  world  owes  them  a 
living,"  but  people  composed  of  all 
classes  of  society,  comprising  farmers, 
industrial  workers,  teachers,  lawyers, 
artists,  and  the  like,  who  have  been  dis- 
located by  a  world  catastrophe. 

If  the  atomic  scientists  have  found 
themselves  duty-bound  to  shout  from 
the  house  tops  about  the  social  impli- 
cations of  atomic  research,  far  more 
should  the  social  scientist  seize  the  op- 
portunity to  call  for  sympathetic  un- 
derstanding and  dynamic  assistance  to 
a  mass  of  humanity  catastrophically 
submerged  into  a  state  of  unprece- 
dented suffering. 
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Students  majorino:  in  chemistry  will  find  much  to  interest  them 
in  our  new  coatings  laboratory  where  technicians  are  developing 
significant  new  materials  through  research.  Dow  Latex  .t12, 
recently  introduced,  is  a  good  example  of  what  goes  on  in  this 
laboratory  which  is  an  activity  of  the  Dow  division  devoted  to 
resins,  latices  and  plasticizers. 
Dow  Latex  512  is  a  coating  material  that  promises  great  useful- 
ness in  the  paint,  paper,  textile  and  adhesive  industries.  Its 
principal  film  forming  ingredient  is  based  on  a  copolvmer  of 
styrene  and  butadiene.  On  air-drying  it  forms  a  rubbery,  pro- 
tective film.  It  is  compatible  with  conventional  coating  materials 
and  possesses  good  stability  under  agitation  and  freezing, 
excellent  piginent-binding  characteristics  and  high  protective 
values. 

Dow  research  is  continuous  in  all  divisions  and  there  are  many 
fields  for  young  technicians  who  are  preparing  for  this  type 
of  work. 

THE  DOW  CHEMICAL  COMPANY  .  MIDLAND,  MICHIGAN 

New  York      •      BoMon      •     Philadelphia      •      WaslilnBton      •     Cleveland      •     Detroit 

Chicago      •     St.  Louis      .      HouBlon      .     San  Francisco      .      Log  Angeles      .     Seattle 

Dow  Chemical  of  Canada.  Limited.  Toronto,  Ontario 


CHEMICAL  COMMENTS 


Flexible  Heat  for 
Paint  Processing 

Flexible  heating  systems  are  a  necessity  to 
many  paint  and  varnish  firms,  where 
high-temperature  processing  requirements 
vary  widely.  In  one  Midwest  finishes 
plant,  where  processing  temperature 
requirements  vary  from  simple  heating  to 
complex  sequences  of  heating  and  cool- 
ing, Dowtherm,  the  high-temperature, 
low-pressure  heat  transfer  medium  has 
been  installed.  With  this  indirect  heating 
system  they  have  found  that  temperatures 
can  be  adjusted  easily  for  every  specific 
job.  The  company  uses  a  3,000,000  Btu/hr. 
Dowtherm  vaporizer  for  heating  and 
an  independent  liquid-phase  Dowtherm 
cycle  for  cooling.  Simple  controls  permit 
the  two  cycles  to  be  coordinated  for  a 
variety  of  temperature  combinations. 
(Since  installing  the  Dowtherm  system, 
the  company  has  found  that  heating  is 
more  efficient,  processing  more  uniform, 
equipment  is  simpler  and  larger  batches 
can  be  processed  at  a  time.) 

Disinfectants  Produced 
from  Phenol  Derivatives 

Phenol  derivatives  are 
now  being  used  in  the 
manufacture  of  many 
disinfectants.  These 
phenol  products,  pro- 
duced by  Dow,  are 
known  as  Dowicides.  They  are  noted  for 
their  high  germ  killing  powers  which  are 
largely  retained  in  the  presence  of  organic 
matter.  Other  important  properties: 
excellent  compatibility  with  cresols,  pine 
oils,  soaps,  low  toxicity,  and  absence  of 
color  and  odor.  These  qualities  indicate 
the  wide  adaptability  of  Dowicides  to  the 
manufacture  of  bactericides  and  fungicides. 

Mold  in  Foods  Prevented  by 
Dow  Propylene  Glycol 

The  food  industry  is  making  increasing 
use  of  low-cost  Dow  propylene  glycol  to 
keep  many  types  of  eatables  palatable 
and  healthful,  without  risk  of  mold.  .  .  . 
This  is  a  highly  purified  material  of 
pharmaceutical  quality,  free  from  odor 
and  taste.  ...  By  adding  small  quantities 
of  Dow  propylene  glycol,  food  processors 
can  prolong  freshness  in  foods — retain 
full  flavor — and  actually  decrease  danger 
of  niildew. 
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Not  Many  Buildings  Yet 
. . .  But  Plenty  of  Lumber 

When  our  clearing  yard  and  mill  burned  last  October,  we 
had  to  build  from  the  ground  up.  Today  our  buildings  and 
manufacturing  facilities,  while  not  yet  back  to  pre-fire  levels, 
are  growing  fast. 

Our  lumber  stocks,  however,  are  more  complete  than  be- 
fore. You  are  pretty  sure  to  find  the  kind  of  industrial  lumber 
you  need,  right  now,  in  Schenk's  large  stock.  And  Schenk 
service  is  still  good.  Call  Hemlock  3300. 

SKIDS . .  PALLETS . .  CABINETS . .  TRAYS . .  CRATES ..  FRAMES . .  BOXES . .  SPECIAL  SHAPES 
fURNITURE.-WOOO   FIXTURES  ..  FULL  UNE  OF  LUMBER  AND  BUILDING  MATERIALS 

Specialists  in  Serving 
Industrial  Accounts 


LUMBER 

COMPANY 

BEOISo.CEHTRALAve. 

HEMLOCK 

3300 
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THE  SCHOOLMASTER 

Teachers.  There  is  a  temptation  to 
try  to  estimate  how  many  teachers  the 
Schoolmaster  has  known,  hut  proh- 
al)ly  no  such  estimate  will  he  made. 
The  numher  would  be  too  obvious  a 
reminder  of  the  long  time  during 
which  there  has  been  opportunity  to 
know  teachers.  Of  course  the  urge  to 
write  a  few  paragraphs  of  reminis- 
cence is  a  give-away  about  that  long 
time. 

There  comes  to  mind  a  comment  by 
two  young  women,  one  a  teacher  of 
English  in  a  college  faculty,  the  other 
a  physics  teacher  in  a  high  school. 
They  spoke  of  a  man  whose  profes- 
sional life  had  been  spent  mostly  as  a 
member  of  an  engineering  college  fac- 
ulty, and  they  said,  "He  has  had  no 
education."  Of  course  what  they  meant 
was  that  he  had  never  been  taught  how 
to  teach,  that  he  had  never  enrolled 
in  a  course  called  "education."  They 
were  stating  a  fact,  not  expressing  an 
opinion  of  his  effectiveness  as  a 
teacher. 

A  little  lady  used  to  teach  the  "first 
grammar"  grade  in  a  public  school. 
Her  pupils  admired  and  respected  her. 
They  did  not  realize  until  later  years 
how  much  affection  there  was  in  their 
feeling  for  lier.  Most  of  them,  in  their 
one  vear  in  her  ninth-grade  class, 
learned  that  it  was  a  privilege  to  be 
associated  with  a  lady  and  a  scholar. 
She  is  now  retired,  welcomes  letters 
from  her  boys  and  girls,  and  writes 
answers  that  indicate  that  her  hand  is 
still  steady  and  her  mind  still  young. 
Her  address  in  a  little  seaside  town  is 
on  South  Pleasant  Street,  and  this  is 
fitting. 

One  of  the  first,  perhaps  the  first, 
of  the  great  leaders  who  organized  re- 
search in  pure  and  applied  science 
for  a  giant  industrial  organization  was 
one  of  the  most  successful  and  inspir- 
ing of  teachers.  Men  who  took  his 
courses  in  physical  chemistry  will 
never  forget  Willis  Whitney. 

A  teacher  of  a  course  in  hydraulic 
measurements  made  the  field  trips  to 
rivers  and  canals  have  the  air  of  ex- 


See  SCHOOLMASTER  on  page  50 
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FATING  A  PIECE  OF  METAL 
By  OPEN  FLAME,  BLOW-TORCH 
OR  FURNACE  IS  RELATIVELY  SLOW- 
APT  TO  LEAVE  SCALE,..  ITS  HARD  7D 
HEAT  ONE  SPECIFIC  AREA  WITHOUT  HEATIN<J  THE  WHOLE  PIECE. 

PRODUCTION  MEt^  REALI2EP  HEAT-TREATINS  OPERATIONS 
SUCH  AS  FORGING,  PRECISION  BRAZIM6  AND  SURFACE 
HARDENING  COULD  BE  STEPPED  WAV  UP  IF  A  FASTER 
METHOD  OF  HEATING  COULD  BE  FOUND...  ONE  WHICH 
WOULD  CONCENTRATE  THE  HEAT  AT  PRE-SELECTED  AREAS/ 


^ 


Hi 


\mr  BY  INDUCTION  seemed 

LIKE  THE  ANSWER.    SCIEMCE  HAD  ALREADY 
DISCOVERED  THAT  METALS  HEAT  RAPIDLY 
WHEN  INTRODUCED  INTO  A  HIGH   FREQUENCY, 
HI6H  PENSiry  MAGNEF/C    FIELD.' 


/ifmELB7P0MC//&l7£R  designed  by 

ALUS-CHALMERS  SCIENTISTS— 


A 


r\     PLACE  METAL  IN    WORK.  COIL. 


PUSH   BUTTON 


e 


tR;^ 


MAZ/NG  PRODUCTION  TOOL  RECTIFIES  ORDINARY  60" 
CyCLE  CURRENT  THEN  STEPS  IT  UP  TO  V5Q000  C/CLES. 
A  MAGNETIC  FIELD  OF  HIGH  DENSITY  IS  SET  UP  /N  WORK 
COIL  AND  WHEN  METAL  IS  INTRODUCED  INTO  THIS  FIELD, 
PASSAGE  OF  CURRENT  CAUSES  POWER  LOSSES  WHICH  PRO- 
DUCE HEAT  WITtilM  THE  METAL  WITH  INCREDIBLE  SWIFTNESS. 

Big  BeNBFirs:  complete,  selective  control 

OF  HEAT  penetration  . . .  EXACT  UNIFORMITV, . . 
GREATLY    INCREASED   PRODUCTION.' 


METAL  IS  HOT  IN  SPLIT  SECONDS 


ALLIS-CHALMERS  MANUFACTURING  CO. 


tlECTROWIC  HeAT€R  is  one  more  example  of  how 

ALLIS-CHALMERS   RESEARCH  AND  EXPERIENCE  GOTO  tVORK 
FINDING  BETTER,  FASTER,  MORE  EFFICIENT  WAYS  OF  HANDLING 
PRODUCTION  PROBLEMS -ANOTHER  GOOD  REASON  WHV  A-C  EQUIP 
WENT  IS  IN  DEMAND  IN  EVERY  MAJOR   INDUSTRY. . . 


V 


ALUS  m  CHALMERS 


ON£  OF  rHB  B/G  3  /N  Ei-ECrfS/C    POiVER    eqU/PAIBNT 

e/GGESr  OF  ALL  /A/  RAA/es  OF  //voc/sr/e/AL    PRODUCrS 
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Hansell-Elcock  Company 

Fabricators  of  Structural  Steel 
(Manufacturers  of  Gray  Iron  Castings 


GENERAL    OFFICE:    485  WEST    23rd    PLACE 
CALumet   7000  CHICAGO   16 


3hort  facts  about  long-lived  cable 


•  In  Okonite  cables,  copper  conductors  are  effectively 
protected  by  Okoloy  coating  which  outlasts  tinning 
at  least  2  to  1.  The  Okonite  Company,  Passaic,  N.  J. 


look  for  tho 
tingi*         -         ridge 


OKONITE    m 

insulated  wires  and  cables 
for  every  electrical  use 


LUFKiN  "Peerless"  Chrome  Clad 
Steel  Tapes 


Rough,   tough   measuring 
work   can't   hurt  the   Lufkin 
"Peerless"  Chrome  Clad  Steel 
Tape.     Jet   black    markings   are 
always  easy  to  read.    Sturdy  steel 
line    is    covered    with    satin    smooth 
chrome    that    resists    rust   and    will    not 
crack,    chip,    or    peel.     For    free    catalog 
write  THE  LUFKIN  RULE  CO.,  SAGINAW, 
MICH.,  New  York  City. 
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19  BOOKS  IN  ONE 

I MAIL  THIS  COUPON  NOW j 

D.  VAN   NOSTRAND  COMPANY,   INC. 
250  Fourth  Avenue,  New  York  3,  New  York 

Send  me  Van  Nostrand's  SCIENTIFIC  EN- 
CYCLOPEDIA, complete  in  one  volume, 
bound  in  sturdy  Fabrikoid.  Within  10  days,  I 
will  either  return  it  or  send  you  $2.00  as 
first  payment,  and  $2.00  monthly  for  five 
months  until  the  total  price  of  $12.00,  plus 
a  few  cents  postage,  is  paid.  (If  you  send 
entire  amount  of  $12.00  with  this  coupon, 
we  will  pay  the  postage.  Same  return  priv- 
ilege guaranteed.) 


City 

Zone State 

ITE— March,    1947 

ALL  THE  PHYSICAL  SCIENCES 
IN  ONE  GREAT  BOOK! 

VAN  NOSTRAND'S 

ScLQntific. 

MORE   THAN    10,000  SEPARATE   SUBJECTS  — 
1600  PAGES,  1400  ILLUSTRATIONS 


nd.  It  . 
ngineering 


^  covers  of  one  giant  book 
fund   of   information   on 
essors   have   worked   for 
s  in  detail  the  principle: 
kills— in    countless    nun^ 


been  gathered  the  most  useful,  complete 

published.    More   than   thirty-six   leading 

to   put   this   vast   wealth   of   knowledge   at   your 

ctual  applications  of  the  great  physical  sciences 

esting    articles    fully    explained    in    pla 


English,  illustrated  by  thousands  of  vivid  photographs  and  diagrams  that  bring  the  great  world 
of  science  and  invention  right  before  your  eyes.  This  vast  one-volume  library  has  been  organized 
by  a  new  KEY  WORD  PLAN  that  makes  it  easy  to  use  for  quick  reference  or  systematic  study. 
It  gives  you  instant  answers  to  countless  questions  throughout  all  science  and  technology.  Here 
is   the   key   to   all    practical    knowledge  in   such   subjects   as; 


PHOTOGRAPHY 

From  basic  principles  and 
practical,  every  -  day  knowl- 
edge all  the  way  to  darkroom 
methods,  commercial  proc- 
esses,  color  photography. 

AERONAUTICS 

This  authentic,  complete  ac- 
count of  aeronautics  explains 
balloons,  dirigibles,  all  types 
of  airplanes,  including  jet 
planes  and  rockets.  It  covers 
their  engines,  instruments, 
parachutes  and  all  other 
equipment    a 


RADIO   AND    ELECTRONICS 

Fundamentals  of  radio  are 
fully  explained  in  plain  words 
and  telling  pictures.  This  same 
clearness  of  explanation  is 
used  to  extend  your  knowl- 
edge to  all  the  more  advanced 
and  recent  developments — to 
radar  and  loran,  to  the  new 
FM  and  television  systems. 


ZOOLOGY 

The  immense  variety  of  ani- 
mals of  land  and  sea,  of  field 
and  stream,  birds,  fish,  insects, 
molluscs,  their  classification, 
their  habits,  and  their  roles  in 
Nature — all  are  represented, 
from  the  tiniest  one-celled  or- 
ganism to  Man  himself. 

CHEMICAL    ENGINEERING 

Fascinating  accounts  of  the 
methods  used  to  put  chemical 
discoveries  into  practice,  and 
to  transform  them  from  labo- 
ratory experiments  into  vast 
tonnage  production. 


that  have  brought  about  the 
rise  and  fall  of  land  areas,  the 
formation  of  mountain  chains, 
and  the  great  changes  in  coast 
lines. 

MATHEMATICS 

Clear,  self-teaching  articles  on 
the  fundamentals  of  arithme- 
tic, algebra  and  geometry 
pave  the  way  into  the  ad- 
vanced    branches     of     mathe- 


CHEMISTRY 

Great  articles  explain  chem- 
istry from  its  simplest  begin- 
nings to  its  countless  applica- 
tions  in    plastics,   drugs,   dyes. 


'itan 


adhe 
1  host  of  othe 


This  great  group  of  articles 
includes  the  machines  that 
produce  power,  the  machines 
and  tools  that  use  power,  and 
the  principles  of  mechanics 
and  machine  design. 

CIVIL    ENGINEERING 

Bridges,  dams,  aqueducts, 
highways,  skyscrapers,  rail- 
roads —  are  among  the  hun- 
dreds of  subjects  on  civil  en- 
gineering that  deal  with  the 
principles  on  which  they  are 
built,  and  their  parts  and 
methods  of  ( 


PHYSICS 

Direct  from  the  great  pioneer 
experiments,  these  masterly 
articles  take  the  reader  to 
radioactivity,  the  electron  mi- 
croscope, and  the  contribu- 
tions of  Langmuir,  Einstein, 
Millikan.  Compton  and  other 
great   scientists. 

STATISTICS 

Thoroughly  practical  informa- 
tion for  those  who  wish  to 
use  statistics  in  practice.  It 
covers  problems  from  correla- 
tion of  data  in  medicine  and 
biology  to  statistical  methods 
in  business,  industry  and  daily 
life. 


o 


SEND  NO 
MONEY 


Examine  this  Great  Book 
FREE! 

Mail  this  handy  coupon.  It 
will  bring  you  a  copy  of  the 
SCIENTIFIC  ENCYCLOPE- 
DIA for   10-days  > 


METEOROLOGY 

The  great  science  of  weather 
is  presented  in  this  book  with 
fascinating  interest  and  full 
scientific  accuracy.  There  are 
detailed  discussions  of  weath- 
er maps,  charts,  reports,  and 
their   use  in  forecasting,   etc. 

METALLURGY 

Complete  accounts  of  the 
properties  of  all  the  metals 
and  their  alloys.  Detailed  ex- 
planations of  the  recovery  of 
the  metals  from  their  native 
ores,  and  of  the  preparation 
and  treatment  of  alloys. 

MINERALOGY 
There  is  information  on  each 
mineral,  giving  all  of  its  iden- 
tifying properties  —  chemical 
composition,  crystal  form, 
fracture,  hardness,  cleavage, 
specific  gravity,  lustre,  color, 
and  streak. 

MEDICINE 

The  anatomy  of  every  part  of 
the  body  is  clearly  described, 
and  there  are  comprehensive 
discussions  of  the  action,  func- 
tion, and  component  parts,  of 
the  circulatory  system,  nerv- 
ous system,  muscular  system, 
excretory  system,  etc. 

ASTRONOMY   AND 
NAVIGATION 

A  wealth  of  information  about 
the  earth,  the  sun  and  moon, 
the  planets,  the  constellations, 
the  stars,  and  how  this  knowl- 
edge is  applied  in  a  practical 
way  in  the  sciences  of  astron- 
omy and  navigation. 

The  Most  Comprehensive  Reference  Work  on  Sci- 
ence and  Its  Practical  Applications  Ever  Published. 
All  the  great  discoveries,  basic  principles,  far- 
reaching  inventions  and  most  recent  developments 
in  every  field  of  science  are  now  brought  to  you 
by  scientists,  engineers,  and  professors  of  leading 
colleges  and   universities. 


ELECTRICAL    ENGINEERING 

All  topics  fully  explained, 
from  simple  wiring  and  wire 
sizes  to  the  construction  and 
operation  of  the  great  units 
that  produce,  transmit  and 
apply  electrical   power. 

BOTANY 

Here  are  the  basic  facts  about 
plant  life  that  have  the  widest 
practical  usefulness.  The  elim- 
ination of  weeds,  the  cultiva- 
tion of  fruits  and  vegetables 
and  flowers,  soilless  garden- 
ing,  etc. 

GEOLOGY 

Each  geological  process  is 
fully  described,  picturing  viv- 
idly   the    action    of   the    forces 
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(Continued  from  Page  12) 
war  0.4  denier  filaments  were  pro- 
duced for  parachute  cloth.  These  fine 
fibers  are  now  being  employed  in  the 
making  of  fine  fabrics  for  curtains  and 
other  sheer  materials.  It  is  also  used 
for  strong  satin  materials  where  its 
lack  of  elasticity  is  not  a  factor. 

Ravon  is  made  in  both  filament  and 
staple  lengths  as  well  as  in  a  variety 
of  novel  forms  which  have  no  counter- 
part in  nature.  This  makes  it  very 
versatile  in  the  construction  of  new, 
interesting,  and  novel  materials. 

Control  of  shrinkage,  especially  of 
the  viscose  type  of  rayon,  since  it  has 
the  greatest  tendency  to  shrink,  has 
been  a  subject  for  much  research. 
From  these  investigations  have  come 
three  methods  which  are  being  used 
on  fabrics  today.  The  first  process 
employs  synthetic  resins  of  the  thermo- 
setting type.  If  the  process  is  carefully 
carried  out,  a  reasonably  low  residual 
shrinkage  results;  however  on  re- 
peated severe  launderings  the  resin  or 
insoluble  compound  gradually  leaches 
out  and  tlie  fabric  l)egins  to  shrink  a 


little  each  time  as  laundering  occurs. 
The  second  process,  termed  "definiz- 
ing",  treats  the  gray  goods  with  caustic 
soda  of  high  concentration,  with  im- 
mediate neutralization  following.  This 
process  is  being  widely  advertised  and 
manufactured  garments  are  coming  on 
the  market  carrying  a  definized  label. 
The  third  method,  termed  "BR-1 
Rayon  Stabilization  Process",  involves 
padding  through  a  solution  of  glyoxal 
and  an  acid  onto  previously  boiled  off 
and  dyed  goods. The  goods  is  then  dried 
without  curing.  Curing  follows,  then 
washing  out  of  any  excess  chemicals, 
neutralization  of  the  acid  in  the  fabric, 
and  drying.  This  method  when  prop- 
erlv  done  shows  exceedingly  fine  re- 
sults even  after  repeated  launderings. 

Shrinkage  control,  which  also  sta- 
bilizes the  fabric  in  most  instances, 
is  verv  important  in  rayons  since  laun- 
dering for  many  garments  made  of  this 
filler  and  some  of  the  fabrics  on  the 
market  today  shrink  as  much  as  twenty 
per  cent  in  a  single  washing. 

Permanently  crisp  finishes  are  being 
applied  to  sheer  rayons,  especially  to 
those  emploved  for  curtain  materials. 


These  are  permanent  and  retard  or 
prevent  fading  as  well.  The  finish  is  a 
resin  treatment. 

Gas  fading  of  acetate  fabrics  has 
been  minimized  or  eliminated  by  the 
use  of  durable  inhibitors  during  dye- 
ing operations. 

We  find  rayons  used  in  blends  or 
mixtures  of  practically  every  type  of 
fabric.  These  play  a  real  role  in  the 
textile  picture,  giving  us  new  textures, 
materials,  and  a  combination  of  prop- 
erties. For  example  a  rayon-wool  blend 
may  make  it  possible  to  eliminate  the 
scratchiness  of  the  wool  and  still  pro- 
duce a  fabric  of  wool-like  qualities. 
Cost  is  another  important  factor  in  the 
use  of  blended  fabrics. 

Flameproofing  of  fabrics,  particu- 
larly the  brushed  rayon  varieties,  is 
becoming  a  reality.  California  passed 
a  law  and  put  it  into  effect  January  1, 
1947,  prohibiting  highly  flammable 
materials  for  sale  in  their  markets.  The 
Federal  government  has  also  consid- 
ered legislation  of  this  type  but  no 
law  has   been   passed.   Methods   and 

I  Continued  on  Page  -12) 
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FORCE-BALANCE  TYPE 


PNEUMATIC  TRANSMIHERS 


OF 


FloAv   •    Pressure   •    Level    •    Density 


Republic  pneumatic  transmitters  (force-balance  type) 
permit  the  centralization  of  process  records  without 
the  necessity  of  running  lead  lines  containing  poison- 
ous or  explosive  products  into  control  rooms.  By 
eliminating  long  lead  lines,  the  consequent  troubles 
due  to  vaporization  or  freezing  are  also  eliminated.  The 
Republic  transmitter  is  located  close  to  the  point  of 
measurement  and  the  value  transmitted  pneumatically 
to  some  distant  point  where  it  can  be  either  indicated, 
recorded  or  controlled. 


Typical  installation  for  measuring  flow 

FLOW 

Republic  pneumatic  transmitters  are  particularly 
adaptable  to  the  flow  measurement  and  control  of 
steam,  water,  gas,  air  or  oil  at  static  pressures  up  to 
600  lb.  per  sq.  in.  They  are  built  to  operate  on  differen- 
tials as  low  as  0.9  in.  of  water  and  as  high  as  800  in. 
of  water. 

Pneumatic  transmitters  are  also  provided  for  the 
flow  measurement  of  viscous  or  vaporous  liquids  which 
will  either  congeal  or  vaporize  in  lead  lines  exposed 
to  atmospheric  temperature. 


Typical  pressure  control  installation 


PRESSURE 

Ideal  for  installations  where  it  is  undesirable  to  run 
long  pressure  taps  due  to  safety  hazards.  Built  for  pres- 
sures ranging  from  1.0  in.  of  water  to  1500  lb.  sq.  in. 


Typical  installation  for  measuring  liquid  level 

LEVEL 

There  are  three  types  of  pneumatic  transmitters  by 
which  liquid  level  measurement  and  control,  in  either 
open  or  closed  vessels,  may  be  secured. 

1.  The  differential  pressure  type,  in  which  the  level 
is  measured  between  the  liquid  level  and  a  known 
reference  level. 

2.  The  buoyancy  type,  in  which  the  buoyant  force 
exerted  by  the  liquid  against  a  displacer  tube  is  meas- 
ured. It  may  be  installed  with  the  tube  inside  the 
vessel,  or  may  be  arranged  for  mounting  outside  the 
vessel.  May  also  be  used  to  measure  liquid-to-liquid 
interface. 

3.  The  weigh  tube  type,  in  which  the  weight  of  the 
liquid  in  a  tube  is  measured.  It  is  suitable  only  for 
mountin"  outside  the  vessel.  This  transmitter  is  espe- 
cially well  suited  for  very  high  operating  pressures  or 
for  the  measurement  of  level  of  very  corrosive  liquids. 


Typical  installation  for  regulation  of  density 

DENSITY 

Republic  pneumatic  density  transmitters  are  ideal  for 
the  measurement  and  control  of  the  density  of  a  liquid 
flowing  in  a  line. 

Transmitters  can  be  furnished  for  liquids  of  densities 
from  0.5  sq.  gr.  (compared  to  water  at  60°F.),  to  the 
heaviest  liquid  known. 

WRITE  FOR  DATA  BOOK  No.  1000 


FOR  REGULATORS,  PRESSURE  REDUCING   VALVES,  BUTTERFLY  VALVES, 

DESUPERHEATERS,  COMBUSTION  CONTROLS,  FLOW  METERS,  THERMOMETERS 

Phone  or  Write   Your  Nearest  Republic  Flow  Meters  Co.  branch  office 


REPUBLIC    FLOW    METERS    CO. 

2240  Diversey  Parkway,  Chicago  47,  Illinois 
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Brown  &  Shaqje  has  always  put 
into  fine  machinists'  tools  the 
largest  possible  measure  of  good 
workmanship,  fine  materials,  and 
sound  design.  For  example,  the 
machine-divided  graduations  on 
Brown   &  Sharpe  Vernier  Tools. 

Brown  &  Sharpe  machinists' 
tools  give  every  purchaser  a  gen- 
erous return  on  a  sound  invest- 
ment. 

Brown  &  Sharpe  Mfg.  Co., 

Provider-f  1,  R.  I.,  U.  S.  A. 


BROWN     8    SHARPE    TOOLS 


WIRING    SYSTEMS    AND    FITTINGS 

FOR    EVERY    CONCEIVABLE 

REQUIREMENT 


national  Electric 

PROouc-rs       COR 

BoK    8?7—   P!**»burqh   39, P 
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equipment  have  been  developed  to  test 
the  flamniahilitv  of  fabrics.  There  are 
numerous  finishes  in  use  which  fire- 
proof or  retard  combustion  in  the  ma- 
terial. Most  of  the  treatments  permit 
fusing  or  charring  of  the  fabric,  but 
no  flame  results.  Many  of  these  treat- 
ments wash  or  clean  out,  but  can 
be  renewed  very  easily.  Other  faljrics 
in  addition  to  rayon  are  being  flame- 
proofed.  Stain-repellent,  water-repel- 
lent, and  crease-resistant  rayons  are 
other  improvements;  a  label  on  the 
article  will  state  the  finish  and  care 
required. 

Silk  is  again  making  its  appearance 
in  greater  quantities  in  our  stores  to- 
day; however  so  far  it  has  been  a  lux- 
ury article.  The  price  of  raw  silk  is 
droj)ping  on  the  market  and  we  should 
see  silks  in  the  moderate  price  class 
jjefore  too  long. 

Linen  was  practically  in  the  silk 
class,  as  far  as  availability  was  cop- 
cemed.  during  these  past  few  years. 
Now  we  are  again  able  to  secure  fab- 


rics, yarns,  and  fiber  from  abroad  and 
linens  will  come  into  our  markets  in 
greater  quantities  soon.  Much  experi- 
mentation has  been  carried  on  in  the 
United  States  both  in  growing  flax  for 
fil)er  and  in  utilizing  the  fiber  from 
flax  straw,  a  by-product  in  the  produc- 
tion of  flax  seed.  We  produce  some 
fiber  but  it  is  not  of  the  quality  de- 
sired for  fine  household  linens. 

The  production  of  nylon,  which 
made  its  appearance  shortly  before  the 
war,  has  been  widely  expanded.  The 
fact  that  it  can  be  thermoset  to  pre- 
vent stretching,  shrinking,  or  sagging 
has  developed  a  wide  variety  of  uses 
for  materials  made  of  this  fiber.  Per- 
manent creases  or  pleats  can  be  set  in 
fabrics  made  of  nylon  or  nylon  mix- 
tures. Curtains,  dresses,  blouses,  ac- 
cessories, and  a  wide  variety  of  other 
clothing  items  are  being  made.  Nylon 
fabrics  wash  easily,  dry  quickly  and 
retain  their  original  shape;  these  fac- 
tors in  addition  to  sheerness  with  re- 
markable strength  have  made  them 
desirable  for  many  uses.  Ninon  and 
other  sheer  nylons  are  becoming  avail- 


able on  the  market  in  limited  quan- 
tities. 

Vinyon  and  vinyl  resin  with  great 
elasticity  is  being  found  in  surgical 
bandages  today.  Other  potential  uses 
are  for  shoe  fabrics,  bathing  suits,  cur- 
tain materials,  upholstery  fabrics, 
shower  curtains,  and  awnings.  Vinyon 
staple  in  combination  with  other  fibers 
makes  it  possible  to  produce  fabrics 
which  will  retain  a  pressed  fold,  shape, 
or  crease. 

Aralac,  a  fiber  made  from  the  casein 
of  milk,  is  used  chiefly  as  a  blend  with 
other  fibers  in  clothing  materials  and 
hat  felts.  The  proportion  of  aralac  in 
any  fabric  usually  does  not  exceed  fifty 
per  cent.  Its  wool-like  qualities  with 
good  washability  have  made  it  desir- 
able for  many  uses. 

Fiberglass  has  been  in  use  for  some 
time;  however  due  to  the  fact  that  any 
friction  exerted  on  the  fiber  caused 
it  to  break  or  sliver  limited  its  use  to 
curtains,  draperies  and  other  like  pur- 
poses. Now,  a  new  finish  is  being  ap- 

(Continued  on  Page  44) 
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Cutaway  view 
New.  Departure 
Sell-Sealed  Ball  Bearing 


Still   lubricated  for  life 

.  .  .  now  has  a  new  plus  feature 


In  the  majority  of  applications  you  can  install  it 
— and  forget  it — because  this  bearing  is,  for  all  normal 
conditions,  lubricated  for  life,  with  dirt  sealed  out  and 
the    lubricant    sealed    in. 

But  note — for  the  unusual  applications — where  ex- 
cessive heat  or  other  abnormal  circumstances  were  for- 
merly too  tough  for  a  single  supply  of  lubricant,  these 
bearings  can  be  relubricated  quickly  and  easily.  There 
is  no  removal  of  seals — no  nipples,  grease  passages  or 
plugs    required. 

Thus,  this  one  type  of  New  Departure  Self-Sealed 
Ball  Bearing  gives  y^ou  dependable  performance  for 
both  ordinary  and  unusual  conditions,  extending  its  use 
to  many  additional  applications.  New  Departure  origi- 
nated the  self-sealed  bearing.  Over  110  million  are  in 
successful  operation.     Ask  for  informative  Booklet  IB. 


most  applications  you 
never  need  relubricate  a  New 
Departure  Self -Sealed  Ball 
Bearing  —  because  it  is  lubri- 
cated-for-Iife. 

When  operating  under  the 
abnormal  conditions  described 
at  left,  you  may,  at  infrequent 
intervals,  relubricate  as  fol- 
lows ; 

Simply  Insert  the  "hypoder- 
mic" nozzle  of  the  lubricating 
gun  through  small  hole  in  seal 
member.  Nozzle  penetrates  the 
flexible  inner  seal,  cleaning  it- 
self as  it  enters.  Lubricant  is 
injected  and  hole  in  seal  closes 
completely  as  nozzle  is  with- 
drawn.    No  dirt  can  get  in. 


Nation-wide  replace- 
ment and  small  order 
service,  wherever  you 
see    this   sign. 


Nothing  Rolls  Like  a  Ball 

NEW  DEPARTURE 


BALL  BEARINGS 


NEW   DEPARTURE     •     Division   of  GENERAL   MOTORS      •     BRISTOL,   CONN.     •     Branches    in   DETROIT,   CHICAGO,   LOS    ANGELES 
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plied  to  the  fabric  which  controls 
abrasion  and  a  wider  variety  of  uses 
is  visualized.  This  fiber  is  non-flam- 
mable, easy  to  wash  and  clean,  and 
resistant  to  acids,  alkalies  and  mildew; 
it  is  color-fast  under  all  conditions. 

Velon  and  saran  are  vinylidene 
chloride  resin  fibers  made  into  single 
coarse  mono-filament  yarns.  The  color 
is  added  before  extrudition.  Velon  was 
first  used  for  shoe  fabrics  in  combina- 
tion with  cotton  yarn.  Trimming  ma- 


terials, millinery  and  bag  fabrics  of 
unusual  design,  color,  and  weave  have 
been  developed.  Saran  was  first  used  to 
make  upholstery  fabrics  for  seat  covers 
in  cars  and  public  conveyances.  The 
production  of  multifilament  yarns  of 
these  two  fibers  is  being  developed 
with  a  wider  variety  of  uses  in  view. 

Plexon,  a  plastic-coated  yarn  utiliz- 
ing cotton,  rayon,  or  any  other  fiber  as 
a  core  yarn  is  being  made  in  a  wide 
variety  of  colors  and  shapes.  It  is  being 
used  for  hat  braids  and  other  novel 


Keeps  pace  with  your 
steam  production  needs 

In  demand  by  steam  plant  operators,  is 
coal  with  low  overall  cost,  flexibility  .  .  . 
often  higher  possible  boiler  ratings.  All 
three  features  may  be  found  in  SP  coal 
which  is  demonstrating  these  very  things 
in  many  hundreds  of  plants.  "SP"  should 
stand  for  Smooth  Production  in  your 
plant  for  competitive  postwar  years. 
Mined  in  Southern  and  Central  Illinois. 


7-Step  SP  refineries  take 
out  impurities,  wash  and 
size   coal   to   set    standard 


PEABODY  COAL  COMPANY 

Established  1883 

231   South  LaSalle  Street,  Chicago  4,  Illinois 

Sales  Offices: 
SPRINGFIELD  •  ST.  LOUIS  •  OMAHA  •  MINNEAPOLIS  •  CINCINNATI  •  NEW  YORK 


yarn  purposes.  Plexon,  like  saran  and 
velon,  is  easy  to  clean.  Wiping  with  a 
damp  cloth  removes  dirt,  grease  and 
other  stains. 

New  coated  fabrics,  in  which  it  is- 
difficult  to  tell  the  uncoated  from  the 
coated,  are  being  made.  These  are  easy 
to  clean,  since  wiping  with  a  damp 
cloth  cleans  the  fabric.  Slip  covers 
made  of  this  type  of  fabric  would  be 
highly  desirable.  It  is  non-flammable, 
an  important  factor  in  plastic-coated 
materials. 

New  fabrics,  new  finishes  and  new^ 
uses  are  under  way.  To  secure  the  best 
service  from  these  new  developments 
it  is  essential  that  the  correct  material 
for  the  purpose  be  selected  and  that 
the  right  care  be  given  the  fabric.  In- 
formative labelling  has  helped  a  great 
deal,  when  there  is  a  label,  and  the  pur- 
chaser reads  it.  Great  strides  were 
made  before  and  during  the  early  part 
of  the  war  on  informative  labelling — 
then  more  pressing  needs  had  to  be 
cared  for  first.  Now,  with  the  war  a 
thing  of  the  past,  we  can  hope  for  more 
progress  in  much  needed  service. 

Developments  in  textiles  have 
brought  a  need  for  more  information 
on  the  part  of  the  consumer,  store 
merchandiser,  buyer,  and  salesperson, 
as  well  as  the  sales  representative  for 
fabric  houses  and  textile  mills.  This 
has  been  evidenced  by  the  many  in- 
quiries received  concerning  textile 
courses  offered  in  the  Home  Econom- 
ics Department  from  those  represent- 
ing fabric  manufacturers,  buyers,  and 
salespeople  in  ready-to-wear  and  yard- 
goods  departments.  Textiles  are  chang- 
ing; if  we  are  to  be  wise  buyers  and 
select  the  articles  best  suited  to  our 
purpose,  as  well  as  know  how  to  care 
for  them  wisely,  we  need  to  know  more 
about  the  materials  which  we  buy  to- 
dav. 


OUR 

ADVERTISERS 
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Q/^i^/eJ Ai^iM'  cU^Acae/ 


IN  THE  HOME  or  tavern  where 
Pabst  Blue  Ribbon  is  served  the 
good  taste  of  the  host  is  reflected 
in  the  good  taste  of  this  truly  great 


beer . . .  always  full-flavor  blended 
of  never  less  than  33  fine  brews 
.  .  .  the  one-and-only  blended- 
splendid  Pabst  Blue  Ribbon. 


"It's  Blended 


iMIi 


it's  Splendid! 


Copr.   1947,  Pobst  Brewing:  Company.  Milwaukee,  Wisconsin 
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PYROMETERS 

for    eyexy    purpose 

The  routine  use  of  CAMBRIDGE  Surface 
Pyrometers  takes  ttie  guesswork  out  of  tem- 
perature determination  in  many  industries. 
Ttie  CAMBRIDGE  is  accurate,  dependable, 
rugged,  quick-acting  and  easy  to  use.  The 
Roll  Model  is  for  checking  surface  tempera- 
tures of  still  or  moving  rolls.  The  Needle 
Model  Is  for  insertion  into  materials  in  a 
plastic  or  semi-plastic  state  for  within-the- 
mass  temperature  determination.  Tlie  /Aold 
Model  is  for  checking  surface  temperatures 
of  mold  cavities  and  surfaces  cf  almost 
any  contour. 

Send   for  Eul/ef/n   )94SA. 

CAMBRIDGE    INSTRUMENT   CO.,    INC. 

3756  Grand   Central   Terminal 

New    York    17,    N.    Y. 

CAMBRIDGE 

PIONEER      MANUFACTURERS      OF 

PRECISION    INSTRUMENTS 


Moisture    Indicators  and   Recorders    •    Physical   Testing    Instruments 

Surface  Pyrometers    *    Laboratory    Instruments   for  A.   C.    &   D.   C.    '    Galvanometers 

Engineering     Instruments    •    Gas    Analysis     Equipment    •    Physiological     Inilromenis 

and   many   other   Mechanical    and    Electrical    Instruments 


^^t\      MOLD 
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FOR  YOUR  CONVEIVIEIVCE 


This  new,  attractive  bottle 
base  combined  with  the 
famous  Higgins  color  card. 
A  natural  for  use  right  on 
your  drawing  board.  Ask 
for  it  at  your  Higgins  Ink 
dealer's. 

THE  INTE8NA1I0NAI  STANDARD  OF  EXCELLENCE 
If  dealer  does  not  carry  ifiem,  wri:e  direct : 

r 
HIGGinS  iJVK  CO.,  IJSC. 

371    JVIJVTH    STBEET,  BHOOKiyjV  15,  JV.  Y, 


BIARRITZ 

(Continued  from  Page  7 ) 
a  plane  would  take  them  to  America 
and  return  with  the  books.  But  these 
orders,   like    the   others,    were   never 
filled. 

A  part  of  the  difficulty  was  due  to 
the  egregious  and  arbitrary  asses  who 


thougiil  themselves  too  large  for  their 
uniforms.  The  climax  was  reached 
when  an  instructor  in  philosophy,  sent 
to  Paris  headquarters  with  a  sheaf  of 
book  orders,  spurred  by  curiosity 
opened  the  envelope  and  read  the  fol- 
lowing : 

'"1.  Attached  requests  by  instructors 


Dr.  Hendricks'  class  in  Short  Story  V/riting. 


at  Biarritz  American  University  for 
additional  reference  and  text  books 
are  submittedtfor  your  amazement  and 
for  whatever  action  you  deem  neces- 
sary or  appropriate. 

"2.  In  view  of  'the  self-induced 
chaotic  state  of  books  for  Biarritz,  it 
is  believed  that  the  submission  of  these 
lists  will  add  little  to  the  present  con- 
fusion." 

Needless  to  say,  when  the  command- 
ing officer  was  made  acquainted  with 
this  missive,  he  acted  with  such  force 
and  speed  that  the  officer  who  wrote 
it  must  have  thought  a  tank  corps  had 
struck  him. 

Perliaps  the  instructor  from  the 
corn-bolt  of  the  mid-west  characterized 
the  situation  best  when  he  remarked, 
"If  someone  had  tried  to  mess  things 
up.  he  couldn't  have  done  better." 

Despite  all  this,  the  school  moved 
steadily    ahead,    directed    by    a   com- 

( Continued  on  Page  48) 
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I  DO  IflU  SEE  II  THE  FlimE  ? 


SEVENTY-FIVE  YEARS  AGO  half  of  the  people  of  the  United  States  were  fanners. 
Life  was  simple  in  those  days. 
Every  farmer  knew  just  how  much  he  had  to  raise  on  his  land  in  order  to  support  his 
family. 

Every  blacksmith  knew  how  many  horses  he  had  to  shoe  in  order  to  buy  his  wife  a  new 
dress. 

Every  farm-hand  and  blacksmith's  helper  knew  how  his  wages  depended  upon  his  useful- 
ness to  the  man  who  shared  his  income  with  him. 

Life  seems  more  complicated  today. 

Just  about  now  the  world  appears  to  be  in  pretty  much  of  a  mess.  Some  of  us  are  lost 
completely  in  the  wilderness  of  theories  and  "isms"  that  surround  us  and  have  given  up 
trying  to  find  our  own  way.  Many  of  us  are  following  the  leadership  of  guides  who  are 
taking  us  in  many,  widely  opposite  directions  without  our  noticing  this  fact.  We  are 
behaving  like  lost  hunters  who  refuse  to  trust  their  own  compasses. 

And  yet,  life  is  as  simple  as  it  always  has  been  to  those  who  follow  the  only  guide  that 
can  take  them  to  their  desired  goal— their  own  "horse-sense."  their  own  conscience. 

All  the  theories  and  isms  cannot  alter  the  fact  that  life  depends  upon  our  ability  to  earn 
a  hvmg.  All  the  theories  and  isms  cannot  change  the  fact  that  our  American  way  has 
produced  the  greatest  nation  on  earth,  enjoying  the  world's  highest  standards  of  living. 

All  the  theorists  and  neoists  cannot  change  these  fundamentals:— 

Busmess  is  the  exchange  of  money  for  goods  and  services.  Our  earning  power  depends 
upon  our  ability  to  supply  these  goods  or  services. 

But  our  earning  power  also  depends  upon  our  neighbors.  We  can  prosper  only  as  our 
community  prospers  — as  our  country  prospers— and  as  the  company  prospers  with  which 
we  are  connected. 

Learning  these  simple  fundamentals  is,  in  itself,  a  great  achievement.  It  will  solve  most 
of  our  problems.  Too  many  people  go  through  hfe  beating  their  heads  out  against  them. 
Too  many  people  fail  to  realize  that  these  simple  fundamentals  are  the  basis  of  all  sound 
business  — that  they  are  the  key  to  every  man's  welfare. 

Let  those  of  us  cling  to  these  fundamentals  who  want  our  children  to  inherit  a  country 
that  continues  to  offer  freedom  and  equal  opportunity  for  all. 


Manufacturers  of  V^ire  Rope  and  Strand  ' 
Electrical  Wire  and  Coble  •  Hard,  Anneo 
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JOHN  A.  ROEBLING'S  SONS  COMPANY 

TRENTON  2,  NEW  JERSEY 


ngs  •  Slings  •  Aircord,  Aircord  Terminals 
r  Tempered  High  and  Low  Carbon  Fine 
Ski  Lifts  •  Screen,  Hardware  and  Indus 


and  Air  Controls  •  Suspension  Bridges  and  Cables  •  Aerial  Wire  Rope  Systems 
.nd  Specialty  Wire,  Flat  Wire,  Cold  Rolled  Strip  and  Cold  Rolled  Spring  Steel 
rial  Wire  Cloth  •  lawn  Mowers 


47 


Here's  What  Norton  Makes 
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OILSTONES  and 
COATED  ABRASIVES 

Shorpening  stones  in  sizes  and  shapes  to 
meet  every  need  of  the  industriol  worker, 
the  farmer  and  the  home  craftsman;  ond 
abrasive  paper  and  cloth  in  o  v^ide  voriety 
of  coalings  ond  types  for  both  industry 
and  the  home  mechanic  are  availoble 
through  Behr-Manning  Corp.,  Troy,  New 
York,  Division  of  Norton  Company. 


Informafive  literature  on  ony  or  all  Norton  products  gladly  sent  on 
request — no  obligation. 

NORTON  COMPANY,  WORCESTER  6,  MASS. 

Offices  or  Warehouses  in  Nine  Cities   •   Branch  Plants  in  Six  Countries   • 
Distributors   in   200   Cities  of  the   United   Stales   and    Foreign    Countries 
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(Continued  from  Page  46) 

iiianding  general  who  performed  his 
duties  with  devotion  and  distinction. 
Fortunate,  too,  he  was  in  having  as 
assistants,  both  civil  and  military,  men 
who  labored  day  in  and  day  out  to 
bring  honor  to  tlie  undertaking. 

That  the  experience  left  its  mark 
upon  student  and  instructor  alike, 
there  can  be  no  doubt.  A  chance  re- 
mark of  one  student  to  another,  both 
sitting  on  a  cliff  aljovc  the  sea,  repre- 
sented a  rather  general  impression. 
"You  know,"  he  said,  "this  is  what  I've 
always  dreamed  a  college  ought  to  be." 
And  a  paragraph  from  a  letter  sent 
back  by  one  of  the  few  hundred  WACs 
who  had  the  opportunity  of  attending 
the  University  disclosed  a  similar  atti- 
tude. "I  cannot  tell  you  how  much — or 
what — Biarritz  meant  to  me.  Those 
two  months,  undoubtedly  the  happiest 
of  my  life,  are  like  a  marking  point — 
pre  and  post.  They  clarified  every 
thing  for  me,  so  far  as  my  ambition  and 
confidence  to  further  it  go.  I  went 
there  confused,  dependent  on  many 
people  to  prop  my  character  and  per- 
sonality, unsure  of  any  ambition  or 
faith.  I  left  —  yes  —  still  confused, 
though  on  a  different  scale,  quite  inde- 
pendent, but  most  important  of  all, 
ambitious  again." 

The  attitude  of  the  citizens  of  Biar- 
ritz was  similar.  When  rumor  spread, 
shortly  before  the  end  of  the  second 
term  that  the  University  would  be 
closed,  the  people  petitioned  the 
mayor  to  appeal  to  the  central  govern- 
ment to  intercede  with  the  American 
ambassador  to  plead  with  the  Army 
or  the  United  States  government  to 
keep  it  open.  More  concretely,  some- 
one offered  an  estate  or  two,  and  many 
hoped  that  there  could  be  found  a  way 
to  continue  this  exchange  of  friend- 
ship. 

Unfortunately,  no  way  could  be 
found.  Moreover,  the  syndicates  were 
itching  to  get  back  their  casinos,  the 
hotel-owner  their  inns,  the  wealthy 
their  villas.  But  it  was  with  sincere 
regret  that  the  French  and  the  Amer- 
icans parted,  and  both  were  enriched 
spiritually  and  intellectually  for  hav- 
ing shared  this  experiment  in  educa- 
tion. 

ILLINOIS  TECH   ENGINEER 


g^'^-fT 


^ 


A  "Gusher" 


out  o«  «  »es»  *^' 


You  have  heard  much  about  petroleum 
reserves  and  their  vital  importance  to 
America's  future.    It  is  good  to  know  that 
reserves  already  discovered  are  ample  for 
many  years  to  come  and  that  explorations 
can  be  relied  upon  to  find  great 
new  reservoirs  under  ground. 

It  is  good  to  know,  too,  that  petroleum 
chemists  and  engineers  have  been  taking 
a  long-range  view  of  the  future  in  motor 
fuels,  have  been  seeking  a  new  source,  and 
have  developed  a  method  of  using  it. 
A  "gusher"  out  of  a  test  tube! 

The  new  source  is  natural  gas.  And  the 
new  method  is  the  Synthol  process. 
This  will  utilize  America's  vast  reserves  of 
natural  gas — will  turn  gas  into  gasoline  .  .  . 
at  a  cost-per-gallon  comparable  to  that  of 
gasoline  made  from  crude  oil.    In  the 
development  of  this  process,  the  Standard  Oil 
Company  (Indiana),  through  its  subsidiary,  the 
Stanolind  Oil  and  Gas  Company,  is 
playing  a  leading  role. 

Fundamentally,  the  Synthol  process  uses 
oxygen  to  convert  natural  gas  to  a  mixture  of 
carbon  monoxide  and  hydrogen.  The  carbon 
monoxide  and  hydrogen,  passing  over  a  catalyst, 
react  to  produce  hydrocarbons  in  the  gasoUne 
and  distillate  fuel  range,  plus  oxygenated 
compounds  which  have  uses  as  chemicals. 

And  now,  after  intensive  research — 
exploratory,  pilot  plant,  process  design, 
engineering— the  Stanolind  Oil  and  Gas  Company 
is  planning  a  full-size  Synthol  plant  designed 
to  convert  natural  gas  into  6,000  barrels 
a  day  of  high  quality  gasoline. 

Here  is  applied  science  indeed!  And — what's 
more — a  modification  of  the  Synthol  process 
would  produce  liquid  fuels  from  our  tremendous 
reserves  of  coal  .  .  .  fuel  enough  for  a  thousand 
years  and  more.   So  there's  big-league  research 
ahead  .  .  .  research  devoted  to  producing  power 
from  every  possible  source.  And  the  scientists  of 
Standard  of  Indiana  will  be  right  in  the  thick  of  it. 


STANDARD  OIL  COMPANY 

(INDIANA) 

910  South  Michigan  Avenue 
Chicago  80,  Illinois 
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Now  the  toughest  masonry  can  be  rotary 
drilled  almost  as  easily  as  a  knife  cuts  cheese! 
The    secret    is    found    in    the    drill    tip.    It    is 


made  of  an  amazing  new  metal  of  many  uses 
— the  hardest  metal  made  by  man.  This 
metal  is  Carboloy  Cemented  Carbide. 


Why  tough    masonry  turns  to  cheese 


MASONRY  drills  are  just  one  exam- 
ple of  how  Carboloy  Cemented 
Carbide  boosts  production  while  cut- 
ting costs.  They  drill  holes  four  times 
faster  through  every  kind  of  masonry 
— and  they  stay  sharp  as  much  as  fifty 
times  longer. 

As  a  tool,  die  or  wear-resistant 
machine  part,  Carboloy  has  earned  a 
reputation  among  authorities  as  one  of 
the  ten  most  important  developments 
of  the  past  decade.   And  here's  why: 

1.  Carboloy  commonly  triples  the 
output  of  both  men  and  machines, 

2.  Cuts,  forms  or  cJraws  the  toughest, 
most  abrasive  modern  alloys  with 
accuracy  and  speed  previously 
unknown,  and 


CARBOLOY 


3.   Regularly  increases  the  quality  of 
products. 

A  workhorse  of  industry,  cemented 
carbides  are  removing  more  metal  at 
higher  speeds  than  any  other  material. 

Accept  This  Challenge 

We'll  give  odds  of  10  to  1  that  Car- 
boloy engineers  can  help  you  to  achieve 
higher  quality  for  your  products  at 
lower  cost.  It's  high  time  to  investigate. 

Carboloy  Company,  Inc.,  Detroit  32,  Mich. 


Send  today  for  this  free  leaf- 
let SN-22'i  on  cost-cutting 
Carboloy  masonry  drills. 


ITRADE    MARKI 


CEMENTED    CARBIDE 


The  Hardest  Metal  ^ 
Made  by  Man     ' 


SCHOOLMASTER 

(Continued  from  Page  36) 

citing  adventure,  and  organized  the 
work  on  the  drafting  board  so  that 
each  student  felt  that  he  was  discover- 
ing for  himself  methods  of  graphic 
presentation  and  of  analysis. 

A  professor  of  history,  lecturing  at  a 
rate  something  like  that  of  a  radio 
version  of  one  of  the  most  tongue- 
tripping  of  the  songs  from  south  of 
the  border,  was  completely  intelligible, 
and  an  inspiring  teacher.  His  brain  was 
faster  than  his  tongue,  and  the  brains 
of  his  students  were  stimulated  so  that 
they  kept  up  with  him. 

One  engineering  teacher,  retaining 
the  drawl  of  his  southern  home,  thor- 
oughly informed  in  his  subject,  treats 
his  students  like  men  and  brethren, 
helps  them  on  their  way  to  a  profes- 
sional education,  and  finds  himself 
( ontinually  called  upon  to  give  advice 
to  his  boys,  young  and  old,  although 
he  has  no  formal  responsibility  for 
personnel  and  placement  work. 

Should  a  teacher  have  "education?" 
Of  course  there  are  techniques  of 
teaching  that  can  be  learned.  There 
are  many  brilliant  men  and  women 
who  have  had  no  formal  instruction  in 
educational  method.  Possibly  some  of 
them  might  be  less  effective,  less  spon- 
taneous, if  they  had  taken  courses  in 
"education,"  but  this  seems  improb- 
able. Most  of  the  teachers  that  we  have 
mentioned  were  without  special  train- 
ing in  teaching  methods.  Our  thesis 
is  not  that  "education"  is  essential, 
nor  that  it  is  unnecessary.  But  two 
things  are  essential,  knowledge  of  the 
subject  matter,  and  desire  to  master 
the  art  of  leaching.  A  man  who  does 
not  love  teaching  will  not  teach  well. 
A  young  man,  already  well  on  the 
way  to  professional  success  in  his  own 
engineering  field,  asked  the  School- 
master for  advice  about  the  accept- 
ance of  a  teaching  position.  He  did 
not  get  advice,  but  he  did  get  informa- 
tion. "Ten  years  from  now,  and  for 
the  rest  of  your  active  life,  if  you  re- 
main in  your  present  work,  your  in- 
come will  be  more  than  a  teacher's 
salary.  But  some  of  us  prefer  teaching 
to  anv  other  work  in  the  world." 
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From  jeweler's  torch  to 
open  hearth  there's  no  heat- 
ing job  too  large,  too  small, 
too  difficult  for  GAS. 

When  Mesta  Machine 
Company,  Pittsburgh,  Pa. 
poured  the  world's  largest  steel 
casting,  weighing  600,000 
pounds,  the  charges  in  four 
Gas-fired  open  hearth  furnaces 
were  ready  simultaneously, 
demonstrating  the  complete 
controllability  of  GAS. 

That  same  GAS  which  fires 
industry's  giant  open  hearths 
is  the  fuel  used  for  the  pinpoint 
flames  which  heat  the  precious 
metals  for  fine  jewelry  making. 
GAS  is  the  dependable  fuel  for 
the  widest  variety  of  difficult 
and  exacting  heat  requirements. 

Wherever  heat  is  used  in 
arts  or  industry,  there's  a  job 
GAS  can  do  better.  Because 
GAS  is  readily  available,  so 
easily  controlled,  and  so  flexi- 
ble, the  installation  of  depend- 
able Gas  equipment  can  be 
accomplished  quite  readily. 


f 


Cap  for  1  2,000-Ton 
Hydraulic  Forging  Press 


AMERICAN  GAS  ASSOCIATION 

420  LEXINGTON  AVENUE,    NEW  YORK  17,  N.  Y. 
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CRIME 

(Continued  from  Page  9) 
trusion-detecling  alarms.  Thousands  of 
vaults  have  sound  or  vihration  detect- 
ors which  sound  an  alarm  in  case  of 
hanunering  on  the  vault  wall.  Burglar 
alarms  with  ears!  In  fact,  an  extensive 
research  was  conducted  to  learn  ex- 
actly what  kind  and  how  much  noise 
a  hurglar  would  make  in  penetrating 
various  kinds  of  vaults  so  as  to  hetter 
define  the  safe  limits  of  operation. 

Other  vault  alarms  utilize  a  pressure 
differential  mechanism  so  sensitive 
that  it  can  detect  a  han<l-hole  opening 
made  anywhere  through  the  wall  of  a 
vault. 

Still  another  system  used  on  safes 
utilizes  magnetic  wave  principles;  it 
literally  feels  the  apiuoach  of  the 
hurglar  to  within  a  few  inches  of  the 
protected  ohject. 


Many  hundreds  of  installations  in 
warehouses  and  factories  are  guarded 
hy  electric  eyes.  For  this  use,  invisible 
rays  rather  than  visil)le  rays  are  pro- 
jected through  the  area  to  he  guarded. 
Interruption  of  a  ray  or  failure  of  the 
photocell  components  instantly  sends 
a  silent  alarm  to  a  central  station. 
Armed  guards  and  police  do  the  rest. 

The  trend  in  electrical  protection 
is  definitely  along  electronic  lines.  It 
would  he  very  satisfying  if,  generally, 
the  alarm  protection  could  see  or  feel 
the  hurglar  but  he  could  not  see  it. 

OUTWITTING  THE  BAMDIT 

Much  that  has  been  said  aliout 
burglar  alarm  systems  is  true  also  of 
robherv-protective  installations. 

Take,  for  example,  a  bullet-resisting 
bank  enclosure.  A  complete  enclosure 


A  cloud  of  tear  gas  issuing  from  a  safe. 
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of  laminated  glass,  steel,  bronze  and 
the  like  extends  seven  feet  or  more 
above  the  floor.  Every  device  used  in 
the  l)arrier  must  be  bullet-resisting  and 
not  be  readily  operable  from  the  pub- 
lic side.  Doors  have  automatic  closers 
and  locks.  The  materials  used  are 
tested  at  close  range  with  high- 
powered  small  arms  and  proof-tested 
ammunition.  Constructions  which  al- 
low injurious  fragmentation  to  the 
cashiers  positions  are  rejected. 

Tear  gas  for  protection  against  rolj- 
bery  is  another  example.  An  investi- 
gation of  tear  gas  involves  almost  every 
known  branch  of  engineering.  Fire  ami 
explosion  hazard  tests  of  discharge  de- 
vices, chemical  stability  tests,  electrical 
tests  of  controls  and  circuits,  toxicity 
tests  for  safety  of  exposure  to  the  gas. 
and  finally,  tests  as  to  effectiveness  of 
the  gas.  It's  a  sad  day  for  the  engineer, 
but  he  must  know  that  the  gas  will  re- 
pel a  robber  within  three  seconds — 
and  there  is  no  way  of  determining  this 
except  to  try  to  "take  it. ' 

SAFES 

Safes  are  a  class  of  burglary- 
protective  appliances  which  rely  solely 
on  mechanical  resistance  to  entry. 
Obviously,  i)rotection  of  this  character 
is  relative,  depending  on  the  time, 
tools,  and  skill  available  to  the  crim- 
inal. A  security  chest  may  be  classi- 
fied as  resistant  to  ordinary  tools,  to 
cutting  torch,  to  high  explosives,  or  to 
all  three  for  a  specified  length  of  time. 
The  development  of  these  classifica- 
tions and  of  testing  techniques  re- 
quires constant  study  of  burglars" 
methods,  tools  used,  and  new  tools  or 
methods  likely  to  he  tried. 

At  an  outdoor  testing  station  high 
explosives  are  scientifically  applied 
repeatedly  to  all  vulnuerable  parts  of 
safes.  Pressures  of  200  tons  and  up- 
ward, applied  suddenly,  determine 
whether  the  hurglar  has  much  chance 
of  succeeding.  Users  may  be  confident 
that  a  safe  bearing  the  Explosive  Re- 
sisting rating  (Class  X60  label)  will 
withstand  a  lot  of  punishment.  And,  if 
the  safe  has  a  Torch  and  Explosive- 
Resisting  rating  (Class  TX 60  label)  the 
hurglar  really  has  a  tough  assignment. 

(Continued  on  Page  54) 
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What  did  you  do  today? 


•  2 

If  you  visited  the  waterfront or  watched  a  plane 

V 


. . .  or  turned  on  the  radio or  boarded  a  bus  .... 


saw  a  freight  car 


or  went  to  the  dentist . 


%J^^ 


lighted  a  candle or  bought  a  necktie 


K 


KOPPERS 


3 

you  saw  a  Koppers  product  in  use 


!•  Wood  piling,  pressure-treated  by  Koppers  to  protect  it  against  marine 

borers.    2.   Koppers  Aeromatic  variable-pitch  propellers.    3.   Koppers 

chemical   ingredients   for  plastic  radio  cabinets.    4.    Koppers  American 

Hammered  Piston  Rings.    5«   Wood  for  car  construction,  pressure-treated 

by    Koppers    for    extra-long    life.     6.    Koppers    chemical    ingredients    for 

novocain.   7.    Koppers  candles.   8.    Koppers   chemicals   for  use  in  making 

dyes.  AU  these  are  made  by   Koppers  ...  as  well  as  scores  of  other  useful 

and   familiar   things.    All    bear   the    Koppers   trade-mark   of   quality  .  .  .  the 

symbol  of  a  many-sided  service.  Koppers  Company,  Inc.,  Pittsburgh  19.   Pa. 
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Electrical  Fixtures 


BORG  &  BECK 

DIVISION  OF  BORG-WARNER  CORP. 

Manufacturers 

of 
Automotive  Clutches 

6558  S.  Menard  Ave.  Chicago,  III. 


Building    Construction 


Telephone  Nevadi  60:0 


S.  IV.  NIELSEN 
COMPANY 

• 

BUILDING 
CONSTRUCTION 

CHICAGO 


Contractors 


E.  H.  MARHOEFER,  ]R.  CO. 

•     CONTRACTORS 

MERCHANDISE  MART      •      CHICAGO 


Electrical    Equipment 


ELECTRICAL  WINDINGS 
INCORPORATED 

DESIGNERS  and  MANUFACTURERS  of 

ELECTRICAL  WINDINGS  AND 

SPECIALTIES 

201  5  NORTH  KOLMAR  AVENUE 
CHICAGO,  ILL. 

Telephone  BELmont  3360 


LIGHTING  FIXTURES 

and 

ELECTRICAL  SUPPLIES 
Triangle  Electric  Co. 

600  West  Adams  Street 
Chicago 

Jidi  Bymea  Tel.   HAYmarluI  6262 


COMMERCIAL  LIGHTING 

EQUIPMENT 
MARINE  WIRING   DEVICES 


ti  Electrical  Mfg.  Co. 

4223-43  W.  Lake  St.,  Chicago  24,  III. 


Engines 


"Caterpillar"  Diesel  Engines 

and 

Electric  Generator  Sets 

Patten  Tractor 
&  Equipment  Co. 


Bellwood,   Illinois 


620  S.   25th  Ave. 

Pho 

(Chicago)   Mansfield   1860 
(Long  Distance)   Bellwood  300 


INDUSTRIAL  ERECTION  ENGINEERS 

MACHINERY  ERECTORS  AND 

MACHINERY  MAINTENANCE 

Seeley  1677 

The  Industrial  Erectors,  Inc. 

1316  W.  CERMAK  ROAD,  CHICAGO 
CHICAGO 

We    "KNOW-HOW"    and    "CAN-DO" 


Serson  Hardware 
&  Supply  Co. 

Eslabliahed    1907 

INDUSTRIAL  SUPPLIES — SHEET 

METAL  WORK 
109-111   East  Thirty-First  Street 


Law  School 


CHICAGO 

KENT 


COLLEGE  of 

LAW 


Founded  1887 

Independent — Endowed — Non-Sectarian 

Afternoon   and   Evening  Classes. 

Tel.  Dea.  6055.  College  Bldg.,  10  N.  Franklin  St. 


(Continued  from  Page  52) 

MORE    PROTECTION    NEEDED 

Some  may  wonder  why,  with  so 
many  successful  protective  devices 
available,  we  still  have  crime.  The 
reason  is  very  simple.  A  large  percent- 
age of  properties  have  inadequate  pro- 
tection for  the  exposure  involved. 
Some  have  none  at  all.  Where  proper 
protection  exists,  experience  shows 
that  the  immunity  to  attack  is  as  much 
as  thirty  to  one — that  is,  unprotected 
property  is  thirty  times  as  likely  to  be 
attacked.  Truly,  the  answer  to  crime  is 
protection. 


is  an  Easter  seal 

It's  only  a  small  piece  of  crinkly 
edged  paper  with  a  back  that's 
mighty  sticky  when  it  gets  wet  .  .  . 
Maybe  it  doesn't  look  like  much, 
but  I  know  a  lot  of  kids  who  see 
plenty  in  this  little  Easter  seal  .  .  . 
They  see  wheel  chairs  and  crutches  to 
help  them  get  out  and  do  things — 
They  see  a  school,  and  others  see  a 
ride  to  school  .  .  . 

Lots  of  them  see  camp  .  .  .  camp  in 
the  summer,  good  hot  sunshine,  real 
trees,  acres  of  sweet-smelling  green 
grass,  and  swimming,  playing  .  .  . 
like  other  kids  .  .  . 
But  don't  get  me  wrong,  mister — 
they  don't  really  see  all  this.  These 
kids  just  dream  it,  because  that's 
what  they  can  have  with  the  dollars 
you  spend  for  Easter  seals  .  .  . 
Gosh,  mister,  it's  wonderful  of  you 
to  give  us  a  chance  to  be  like  other 
kids! 

BUY  AND  USE 
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POWER 

FLOWS  THROUGH 

COPPER 

AND  ITS 

ALLOYS 


CYCLOTRON  .  .  .  Winding  a 
coil  for  a  cyclotron,  using 
Revere  copper  strip,  held  to 
close  tolerances  on  size  and 
finish.  Thousands  of  pounds  of 
such  copper  are  required  for 
the  coils  that  produce  the 
tremendous  magnetic  field  re- 
quired in  an  "atom-smasher." 


CONDENSER  TUBES  &  PLATES  ...  For  many  years  Revere  has 
been  a  prime  and  preferred  source  of  supply  for  tubes  and  plates 
required  for  condensers  and  heat  exchangers.  Plates  and  tubes  are 
available  in  copper  and  in  a  wide  range  of  copper  alloys,  per- 
mitting exact  specification  to  meet  conditions  of  use.  In  addition, 
Revere  makes  pipe  and  tube  for  general  piping  purposes  .  .  .  When 
planning  a  new  power  installation,  consult  Revere;  we  shall  gladly 
cooperate  with  you  and  your  engineers  in  selecting  the  correct 
Revere  Metal  for  each  purpose. 


s 


BUS  BAR  .  .  .  Revere  really  knows  bus  bar,  and  offers 
it  in  all  the  customary  types,  including  rectangular, 
round,  and  channels.  Specially-Prepared  Switch 
Copper,  employed  by  many  apparatus  manufactur- 
ers, lessens  contact  losses.  Revere  also  offers  Commu- 
tator Copper,  in  lengths  of  the  proper  cross-section, 
or  in  segments. 


COPPER  AND   BRASS   INCORPORATED 

Founded  by  Paul  Revere  in  1801 

230  Park  Avenue,  New  York  17,  New  York 

Mills:  Baltimore,  Md.;  Chicago,,  III.;  Detroit,  Mich.;  New 

Bedford,  Mass.;  Rome,  N.  Y.— Sales  Offices  in  Principal  Cities, 

Distributors  Everywhere. 

Listen  to  Exploring  the  Unknown  on  the  Mutual  Network 

every  Sunday  evening,  9  to  9:30  p.m.,  EST. 
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BRAINSTORM 

from  a 
WINDSTORM 


Nature  held  the  original  patent  on  the  whirl- 
ing force  of  the  cyclone.  But  it  was  B&W  who 
first  put  the  idea  to  work  separating  water  and 
solids  from  steam  to  improve  the  performance 
of  boilers. 

B&W  calls  its  adaptation  of  nature's  destruc- 
tive force  to  useful  work,  the  Cyclone  Steam 
Separator.  Its  use  in  power  boilers  makes  larger, 
more  rapid  swings  in  power  loads  possible, 
raises  boiler  and  turbine  efficiency  and  cuts 
maintenance  costs. 

Development  of  the  Cyclone  Steam  Separator 
is   but   one   of  many   examples   of  imaginative 


THE  BABCOCK  &  WILCOX  CO. 


ciifiineering  at  B&W.  Testimony  that,  while  old 
enough  to  have  pioneered  important  advances 
in  many  divergent  fields,  B&W  is  young  enough 
to  have  new  ideas — ideas  for  all  industries,  in  con- 
nection with  present  problems  or  future  plans. 

Through  this  progressive  policy  of  continuous 
research  and  development,  B  &W  offers  tech- 
nical graduates  excellent  career  opportunities 
in  diversified  fields  of  manufacturing,  sales, 
engineering,  research  and  in  many  other  voca- 
tions. Send  for  the  booklet  "'Your  Career."  It 
tells  the  story  of  the  Babeock  and  Wilcox  Com- 
pany in  terms  of  your  future. 

G-3S2 

85    LIBERTY    STREET 
NEW   YORK   6,   N.   Y. 


CORROSION 

(Continued  from  Page  17) 
tact  with  a  corrosive  environment, 
even  when  the  latter  is  no  more  than 
a  damp  atmosphere.  An  example  of 
this  nature  is  encountered  in  the  case 
of  sucker  rods  employed  in  pumping 
mechanisms. 

Another  example  of  failure,  closely 
related  to  corrosion  fatigue,  may  be 
illustrated  as  follows:  If  a  ship's  pro- 
peller is  rotating  at  about  the  critical 
speed,  a  slight  increase  in  speed  will 
cause  a  vacuum  to  be  established  and 
a  subsequent  slight  reduction  in  speed 
will  cause  the  vacuum  to  collapse,  the 
water  entering  the  vacuoijs  space  with 
considerable  momentum.  Under  such 
conditions  the  propellor  is  subjected  to 
a  series  of  shocks,  which  may  eventuUy 
lead  to  failure. 

A  FEW  USEFUL  RECIPES  FOR  THE  SHOP 

Just  to  add  a  dash  of  practicality  to 
this  paper,  a  few  simple  recipes  for  use 
around  the  home  and  shop  will  now  be 
given. 


Garden  tools,  home  implements, 
shop  tools  and  various  metal  parts 
often  require  a  more  or  less  permanent 
corrosion  preventive  coating  which  can 
be  readily  removed  when  required,  yet 
which  is  not  rubbed  off  too  easily.  A 
non-drying  compound  suitable  for  this 
purpose  may  be  made  by  melting  lu- 
bricating grease  in  a  can,  placed  in  a 
pan  of  boiling  water  and  adding,  with 
thorough  stirring,  finely-powdered 
sodium  chromate,  in  the  ratio  of  1/6 
oz.  of  sodium  chromate  to  one  pound 
of  grease.  If  thinning  is  desired,  gaso- 
line, kerosene,  or  petroleum  naphtha 
may  be  added.  Precautions  must  be 
taken  to  see  that  no  open  flames  are 
present,  as  such  mixtures  are  very  in- 
flammable. The  thinner  mixtures  may 
be  brushed  on  or  sprayed,  but  the  com- 
pound is  better  applied  with  a  coarse 
rag.  Articles  having  a  polished  steel 
surface  may  be  cleaned  with  a  hot  soap 
solution  and  then  dipped  in  the  mix- 
ture. 

The  cooling  system  of  the  automo- 
bile is  the  part  of  the  family  car  most 


susceptilde  to  corrosion,  as  it  consists 
of  several  kinds  of  metals  and  alloys, 
including  brass,  solder,  iron,  steel  and 
zinc  alloys  all  in  contact  with  water 
solutions,  which  is  an  ideal  set-up  for 
electrolytic  corrosion.  For  this  reason, 
rock  salt,  calicum  chloride  or  other 
salts  should  never  be  added  to  the  cool- 
ing system  to  prevent  freezing,  as  the 
increased  concentration  of  dissolved 
matter  in  the  solution  accelerates  cor- 
rosion. Alcohol,  glycerine  and  ethylene 
glycol,  on  the  other  hand,  actually  help 
reduce  corrosion  from  this  source  rath- 
er than  accelerate  it.  One  ounce  of 
sodium  chromate  or  sodium  nitrite 
added  to  the  change  of  water  in  an 
automobile  radiator  will  reduce  the 
corrosion  effectively.  If  the  water  is 
acidic,  enough  sodium  carbonate 
(washing  soda)  previously  dissolved  in 
a  little  water  should  be  added  to  make 
the  solution  slightly  basic  as  indicated 
by  litmus  paper.  Greases  should  not 
be  added  to  the  cooling  system  as  they 

(Continued  on  Page  58) 


56 


ILLINOIS  TECH   ENGINEER 


STRENGTH,  light  weight  and  wear- 
resistance  make  Synthane  lami- 
nated highly  desirable  for  retainers  in 
high  speed  ball  bearings  . . .  and  an 
excellent  example  of  putting  plastics 
where  plastics  belong. 

Should  you,  in  the  future,  want  to 
know  whether  Synthane  will  fit  into 


your  plans ...  or  where ...  or  why ...  or 
what  the  cost  will  be . . .  ask  us  to  help 
you,  preferably  before  you  design. 

This  way,  if  Synthane  is  the  answer 
to  your  needs,  you  can  be  sure  of  de- 
sign and  material  not  only  right  for 
the  application  but  right  for  fabrica- 


tion. For  a  whole  job  or  any  part  of  it 
—  design,  materials  or  fabrication  — 
remember  Synthane.  It  will  give  you 
a  real  sense  of  satisfaction  to  know 
whether  the  job  can  be  done,  how  it 
can  be  done,  how  long  it  will  take  to 
produce  and  how  much  it  will  cost. 
Synthane  Corporation,  Oaks.  Pa. 


SYIVTHANK    TECHKICAI.    PLASTICS 


BOOS   -TUBES 


DESIGIV  •  MATERIALS  •  FABRICATIOIV 


llWWCHED  PARTS 


MOLDED  M«CER/«rEO 
MOLDEDIAMINATED 


,  [SYNTHANE] 
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SOMETHING     NEW 
IN    AIR    CIRCULATION 


This  illustrates  a 
24"  diameter  high 
stand  model.  It  is 
6  ft.  high  adjust- 
able to  8  ft.  Can 
also  be  supplied  in 
table     and     ceiling 


CIRCULATORS 

These  air  circulators  blow  up- 
wards, the  air  traveling  along  the 
ceiling,  down  the  walls  and  up  the 
center  again  providing  gentle  and 
complete  air  movement  of  air  in  all 
parts  of  a  room.  This  provides  more 
efficient  body  cooling  than  is  pos- 
sible with  old  style  horizontal  blow- 
ing fans.  Furthermore  there  is  no 
draft  to  cause  colds  and  sore  throats. 
Neither  does  the  RECO  blow  pa- 
pers or  other  light  material  about. 

HAS   YEAR   AROUND    USE 

In  the  winter  the  RECO,  when 
operated  at  slow  speed,  because  it 
blows  upwards,  forces  down  the  hot 
moist  air  which  is  trapped  at  the 
ceiling,  and  intermixes  it  with  all  of 
the  air  in  the  room,  providing  uni- 
form temperature  and  humidity, 
avoiding  air  stratification  and  cold 
floors.  It  also  quickly  dissipates 
smoke,  gases  and  odors. 

We  also  build  special  fans  for  re- 
frigerated spaces  and  processing 
rooms. 

Write  for  free  descriptive  litera- 
ture. 

2625   W.   Congress   St. 
Chicago    12,    III. 


(Continued  from  Page  56) 

cause  frothing,  and  deterioration  of 
ho*c  connections. 

The  chassis  and  springs  of  automo- 
biles may  be  protected  against  corro- 
sion by  spraying  or  l)rushing  with  a 
prcj)aration  made  by  mixing  lubricat- 
ing grease,  one  lb.,  powdered  sodium 
chroniate  1/6  oz.,  S.A.E.  10  motor  oil, 
2  qts..  and  water,  one  ounce.  The  grease 
may  be  placed  in  a  pail  and  heated  by 
placing  in  a  large  pan  of  boiling  water. 
When  soft,  the  finely  powdered  sodium 
chroniate  and  water  are  mixed  in,  and 
stirring  is  continued  until  a  smooth 
consistency  is  obtained.  The  motor  oil 
is  then  added  and  the  mixture  stirred 
until  cool. 

For  removing  rust  spots  from  small 
steel  implements  such  as  carpenter's 
tools,  a  saturated  water  solution  of 
stannous  chloride  is  useful.  The  imple- 
ments are  immersed  in  the  solution 
over  night,  when  it  will  be  found  that 
the  rust  spots  will  disappear  or  dimin- 
ish greatly  through  reduction.  Upon 
withdrawal  from  the  solution,  the  in- 
struments should  be  rinsed  with  water, 
placed  in  a  hot  laundry  soap  solution 
,  and  dried.  Cleaning  with  a  little  alco- 
hol and  polishing  with  wax  may  fol- 
low. 

Sometimes  a  permanent  rust  preven- 
tive finish  is  desired  for  small  steel  ob- 
jects or  art  ware.  It  may  be  obtained 
bv  suspending  the  well-cleaned  iron 
parts  for  a  few  minutes  in  a  solution  of 
copper  sulfate,  which  causes  a  thin  skin 
of  copper  to  form  on  the  surface.  If  the 
pieces  are  now  rinsed  off  with  water 
and  then  moved  about  for  a  few  min- 
utes in  a  solution  of  sodium  thiosulf  ate 
acidified  slightly  with  hydrochloric 
acid,  they  assume  a  blue-black  coating 
of  copper  sulfide  which  is  quite  per- 
manent in  both  air  and  water.  The 
black  surface  may  be  immediately 
rinsed  with  water,  dried  with  a  rag  or 
blotting  paper  and  polished.  It  pos- 
sesses a  steel-blue  luster,  adheres  well 
to  iron,  and  protects  against  corrosion 
in  a  verv  satisfactory  manner. 

CONCLUDING  REMARKS 

^  ith  the  costs  of  equipment,  instal- 
lation and  labor  ever  increasing,  man- 
agement of  industry,  in  an  attempt  to 
maintain  a  workable  profit  margin,  has 


finally  become  aware  of  the  great  loss 
due  to  corrosion.  This  awareness,  that 
if  even  a  very  small  percent  of  the 
annual  loss  were  used  to  support  fun- 
damental research  in  corrosion  a  sub- 
stantial saving  might  be  made,  is  re- 
sponsible for  the  increased  flow  of 
funds  to  support  such  work.  The  gov- 
ernment is  also  involved  in  the  prob- 
lem because  of  thousands  of  tons  of 
intricately-built  equipment,  now  stored 
in  military  warehouses,  which  must  be 
readv  for  action  on  notice  ranging  all  j 
the  way  from  thirty  days  to  perhaps 
twentv  years.  The  corrosion  protection 
measures  involved  are  on  an  unpre- 
cedented scale. 

It  is  realized  that  metal  protection 
cannot  be  acquired  without  cost  and 
that  it  should  be  considered  as  an  in- 
vestment or  insurance,  rather  than  a 
speculation.  An  investment  in  corro- 
sion protection,  upon  which  the  suc- 
cess of  the  large  "investment  in  metals, 
fabrication  and  installation  may  de- 
pend, is  now  deemed  worthy  of  close 
scrutiny.  There  is  a  re-awakened  in- 
terest in  the  fundamental  aspects  of  the 
corrosion  problem  in  the  universities 
and  other  laboratories  devoted  to  more 
fundamental  research  as  is  evidenced 
by  the  rapid  acceleration  in  the  publi- 
cation of  technical  papers  dealing  with 
corrosion.  During  the  year  1945  alone, 
approximately  1200  articles  on  the  sub- 
ject were  published."  It  can  therefore 
be  said,  at  long  last,  that  the  empirical 
art  of  metal  protection  is  gradually 
giving  way  to  the  science  and  engineer- 
ing of  corrosion  control. 


'  R.  D.  Misch.  J.  T.  Waber  and  H.  J.  McDonald; 
Bibliography  of  Corrosion  Literature  for  194S;  Book  Dept., 
National     Association     of     Corrosion     Engineers,    Houston, 
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We  blew  a  bubble  for  a  man  named  Edison ... 

.-■-.■j^"' .  \             ■■ 
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SIXTY-EIGHTyears  ago  a  stranger  got 
off  the  train  at  Corning,  New  York, 
and  asked  the  station  agent  to  direct  him 
to  Corning  GlaSs  Works. 
He  had  been  sent  by  Thomas  A.  Edison 
to  see  if  Corning  could  succeed  where 
others  had  failed,  in  making  a  glass  bulb 
to  surround  the  filament  of  his  new 
electric  lamp. 

Producing  the  thin  bubble  of  glass  for 
Mr.  Edison's  first  lamp  was  an  early 
milestone  in  Corning  research.  If  he  had 
lived  until  his  hundredth  anniversary 
this  year,  Edison  would  see  machines  de- 
veloped by  Corning  turning  out  hun- 
dreds of  modern  bulbs  every  minute. 
Altogether  Corning  has  contributed  in 


countless  ways  to  science  and  industry 
and  the  comfort  of  living.  Casting  the 
200  inch  telescope  disc,  which  this  year 
will  bring  our  civilization  a  billion  "light 
years"  closer  to  the  secrets  of  the  universe, 
is  a  Corning  achievment. 
So  are  the  colored  signals  that  guide 
trains  through  the  night  in  safety.  So  are 
the  miles  and  miles  of  America's  neon 
tubing,  and  the  miles  of  acid  resisting 
glass  piping  in  food  and  chemical  plants. 
So  are  gleaming  Pyrex  baking  dishes  and 
amazing  Pyrex  Flameware  for  top-of- 
stove  cooking. 

The  very  thermometer  the  doctor   ^ 
puts  in  your  mouth  is  quite  likely 
made    of  Corning    tubing.  Today 


Corning  research's  main  task  is  helping 
manufacturers  make  Better  products 
at  lower  cost.  After  graduation,  this  re- 
search may  help  you  get  ahead  faster. 
Write  the  nameCorning  in  your  memory 
book  now  and  call  on  us  when  you  need 
help.  Corning  Glass  Works,  Corning,  N.Y. 


c 


ORNING 


weans 


Research  in  Glass 


MARCH,   1947 
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BROKER  &  CONSULTANT 

Design  — 

Administration  — 

Revision  — 
of 
Pension   and   Profit-Sharing 
Systems 


Corporation  And  Personal  Life 
Insurance  Programs 


Paul  A.  Hazard,  Jr.,  C.L.U. 

105  West  Adams  St. 
Chicago  3,  III. 


Member  —  Chicago   Ass'n   of   Commerce 

Life  Member  —  Million  Dollar  Round 

Table 


Process    Machinery 


F.  M.  deBeers  &  Associates 

20  N.  Wacker  Drive  Rand.  2326 

CHEMICAL  ENGINEERS 

,    successful,    fully 
>dern,   efficient 

Process  Machinery  and  Equipment 

•  MULTIPLE    efiect    evaporators — all    types 

•  F.C.  CONCENTRATORS — for  high  den 
sity  work. 

•  FILTERS — Vallei    Pressure    Units — coi 
uous    pressure    type — all    styles    rotary 
drum  filters. 

•  SPIRAL,    plate-type,   counter-flow    heat 
changers. 

•  CENTRIFUGALS  —  perforate  and  solid 
baskets — any  metal.  Centroid  speed  con- 
trol. 

•  MULTI-STAGE  VACUUM  UNITS  —  for 
vac.  cooling — vac.  refrigeration.  Steam  jet 
equipment — condensers. 

•  CHEMICAL  STONEWARE  —  Mid-West- 
ern    representatives    General     Ceramics    Co. 


CONTRIBUTORS 

(Continued  jroni  /'r/ge  4) 

jctivities  pertaining  to  the  production  of 
oxygen  for  the  armed  forces.  Dr.  Rushton 
is  a  member  of  the  American  Chemical 
Society,  American  Institute  of  Chemical 
Engineers,  American  Society  of  Mechani- 
cal Engineers,  Society  of  Chemical  Indus- 
try, American  Society  of  Engineering 
Education,  and  the  Chemists  Club  of  New 
York.  He  has  been  chairman  of  several 
committees  in  these  groups  and  is  at  pres- 
ent a  member  of  the  Chemical  Engineer- 
ing Education  Accrediting  Committee  of 
the  American  Institute  of  Chemical  En- 
srineers. 


Instruments 


The  cover  picture  shows  a  small  portion 
of  a  model  of  the  new  campus,  designed 
by  Ludwig  Mies  van  der  Rohe.  Several 
new  buildings  are  finished,  and  others  are 
in  course  of  construction. 


Jewelers 


SPIES  BROS.   INC. 

Manufacturing  Jewelers 

Loop  Office:  27  E.  Monroe 

Tel.  RANdolph  4149 

Factory:   1140  Cornelia 

Tel.    LAKeview   7510 


Solders  and  Babbitts 


/cirutncr 


%^ 


CHICAGO     •      ILLINOIS 
FOR  QVALiry 

Solders,  Babbitts 

CASTING  WHITE  METAl 

ALLOYS 


Lubricants 


THE  STAR  OIL  COMPANY 


ESTABLISHED  1890 


LUBRICATING    OILS    AND    GREASES 

Tclrphone   Seeley   4400 


348  North  Bell  Avenue,  Chicago 


SCIENTIFIC   INSTRUMENTS 

COMPARATORS 

CHRONOGRAPHS 

SPECTROSCOPES 

SPECTROMETERS 

SPECTROGRAPHS 

CATHETOMETERS 

OPTICAL  BENCHES 

INTERFEROMETERS 

DIVIDING  MACHINES 

MICROMETER  SLIDES 

READING  TELESCOPES 

MEASURING  MICROSCOPES 

TOOLMAKER  MICROSCOPES 

THE  GAERTNER  SCIENTIFIC 

CORPORATION 

1206  Wrightwood  Ave.,  Chicago 


Printing 

LETTERHEADS 

To  business  correspondents  who  do  not 
know  you  personally,  or  who  have  not 
seen  your  place  of  business,  youi  letter- 
head reflects  the  personality  of  your  firm 

FRANE  W.  DIQCK  &  ComponT 

432  South  Dearborn    •    Chicago 

oLeUernead  oJiyUsis 
Printing 


THE  CHIEF   PRINTING  CO. 

6911  South  Chicago  Avenue 
Telephone   MIDway   2100 

CHICAGO 


Planographing 


SPlANOGRAPHi 


An  economical  reproduction  process  for  Office 
Forms,  Charts,  Diagrams,  Graphs,  Specifica- 
tions, Testimonials,  House-Organ  Magazines, 
Bulletins,  Maps  and  many  other  items. 

No  Run  Too  Long  No  Run  Too  Short 

Estimates  will  not  obligate  you 
in  any  way.  WRITE  OR  CALL 


rt:  CH 

.#     517 


CHICAGO  PLANOGRAPH  CORP. 

^U^     517  S.  JEFFERSON  ST.,  CHICAGO  7 


HARrison8835 


Management  Engineers 


GRIFFENHAGEN    &   ASSOCIATES 

Established  in   1911 

CONSULTANTS   IN   MANAGEMENT 

Advice    and    technical    assistance    on    problems    of 

policy,  organization,  procedure,  personnel,  and  finance 

Call  E.  O.  Griflenhagen,  senior  partner,  Randolph  3686 


GINN  and  COMPANY 

EDUCATIONAL  PUBLISHERS 

2301-2311  Prairie  Avenue 

Chicago  16,  Illinois 
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ILLINOIS  TECH   ENGINEER 


'Without  laboratories  men  of  science  are  soldiers  without  arms"— louis  pasteur 


Why  some  things  get  better  all  the  time 


The  span  of  life  is  increasing.  Within  the  last  half  cen- 
tury the  average  length  of  life  of  a  new  horn  infant  has 
increased  over  30%.  And  many  more  people  over  40  can 
now  expect  to  live  well  into  their  seventies. 

Among  the  reasons  for  this  progress,  along  with  notable 
advancements  made  by  the  medical  profession,  are  the  im- 
provements in  medicinals  and  medical  equipment  that  help 
guard  life. 

Synthetic  organic  chemicals  now  are  used  in  the  produc- 
tion of  a  host  of  pharmaceuticals,  including  penicillin  and 
the  sulfa  drugs,  which  have  accomplished  wonders  in  the 
fight  against  germs.  They  also  are  used  in  repellents  to  de- 
feat disease-carrying  insects.  Out  of  research  with  gases  has 
come  oxygen  therapy,  an  aid  to  recovery  in  numerous  ill- 
nesses. Research  with  metals  and  alloys  has  produced  the 
gleaming,  easy-to-clean  stainless  steel  used  in  modern  hos- 
pital and  medical  equipment. 


la  safeguarding  life— just  as  in  transportation  and  com- 
munications—much of  man's  progress  is  traceable  to  better 
inalerials. 

Producing,  better  materials  for  the  use  of  industry  and 
the  benefit  of  mankind  is  the  work  of  UNION  Carbide. 

Rasic  knowledge  and  persistent  research  are  required, 
particularly  in  the  fields  of  science  and  engineering.  X'ibrk- 
ing  with  extremes  of  heat  and  cold— frequently  as  high  as 
0000°  or  as  low  as  300°  below  zero,  Fahrenheit— and  with 
vacuums  and  great  pressures.  Units  of  UCC  now  separate  or 
combine  nearly  one-half  of  the  nianv  elements  of  the  earth. 

Union  Carbide 

^vVZ>      CAHBOJV     COHjPOHATIOJV 


30     LAST    42. ND    STREET 


iN  E  W     YORK     1 


"  Protliicts  of  Divisions  and  Unita  inchtrie "~ 

I.iNDE  Oxygen    •    Prest-0-Lite  Acetylene    •    Pvrofax  Gas    •     BAKELrrE,  Krene,  and  Vinylite  Plastics 

AcHESON  Electrodes    •    Eveready  Flashlights  and  Batteries    •    National  Carbons 

Prestone  and  Trek  Anti-Freezes    •     Electromet  Alloys  and  Metals    •    Havnes  Stellite  Alloys    •    Synthetic  Organic  Chemicals 


JOHN  S.  DELMAN 

Class  of  '38 

Annuities 

Life  Insurance 

Retirement  Plans 

Accident  8b  Health 

Juvenile    Insurance 

THE  GREAT-WEST  LIFE 

ASSURANCE  CO. 

1030  Field  BIdg.,   135  S.  LaSalle  St. 
Chicago  3,  III.  Randolph  5560 


Real   Estate 


WALLACE  DON 

HAMILTON    BROS. 
Real    Estate 

CHESTER  .  CHARLES 


Screw  Machine  Products 


iJcrew 
Illachme  Products 

Clean  precision   work 

made  exact  to  tperificalion* 

Capacity    1/16"  to   2%" 

C.  A.  Knucpfer  '16  W.J    Tarrjnl.    '.!» 

Preiidcnt  Vice  FresidenI 

(jeneral  dngineeringWorh 

4707  W.  Division  Street  ■  Chicago,  57 

Telephone    Mansfield    2866 


OXYGEN 

(Continued  from  Page  26) 
would  req-uire  substantial  alterations 
and  improvements  in  furnace  design 
to  withstand  the  increased  tempera- 
tures. 

Talile  3  shows  that  about  one-half 
(126)  of  the  blast  furnaces  are  in  the 
classes  of  600  to  900  net  tons/day. 
Without  changing  the  volume  of  the 
blast  but  enriching  it  to  26  per  cent 
by  means  of  95  per  cent  oxygen  the 
amount  of  the  latter  required  would 
be,  in  round  numbers,  from  7  to  10 
tons/hr.  with  an  average  of  8.5  tons  for 
each  blast  furnace  or  about  200  tons/ 


day.  These  are  small  units  compared 
with  oxygen  plants  for  Synthine  in- 
stallations which  will  be  four  or  more 
times  as  large.  Oxygen  plants  in  mul- 
tiples or  in  larger  sizes  may  be  indi- 
cated to  supply  95  per  cent  oxygen  for 
several  furnaces  simultaneously  in  one 
steel  works. 

Plants  for  the  production  of  oxygen 
for  use  in  steel  operations  are  being 
built  in  the  United  States.  Should  the 
promised  advantages  in  this  field  alone 
prove  to  be  justified,  as  is  confidently 
expected,  the  production  of  "tonnage 
oxygen"  will  constitute  an  industry  of 
considerable  magnitude. 


Photo   Printing 


..f^t^meduij/*. 
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Secretarial  School 


"DICKINSON"— 
the  all-purpose 
shorthand   -   - 
mastered  in  15 
One-Hour  lessons. 

CRAWFORD 

Secretarial  Training  Service, 
Est.  1929,  presents  a  highly 
personalized  service  for  the 
development  of  proficiency  in 
the  Secretarial  Arts  in  TWO 
months. 

SHORTHAND  is  simply  a  step  towards  a  po- 
sition—  advancement — read- 
justment. Make  it  a  SHORT 
step.  It  is  a  convenient  wedge 
for  those  seeking  employment 
in  specialized  fields  and  is  in- 
valuable to  the  College  stu- 
dent in  Lecture  courses. 

ALL  instruction  is  given  INDIVIDUALLY  by 
scheduled  appointment  —  Day  or   Evening. 

Shorthand,  Typewriting,  Secretarial  Bookkeeping. 


410  South  Michigan  Ave. — Suite  208 
Phone:   HARrison   2084 
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ALUMINUM    BRAZING— 
another  victory  of  Alcoa  Research 


Problem:  How  to  join  a  stamped 
aluniinmn  fan  blade  to  a  machined 
aluminum  bushing  to  make  a  fan 
for  portable  electric  tools. 
Answer:  Assemble  the  two  parts 
with  a  special  aluminum  alloy  ring 
in  between  and  put  them  in  a  fur- 
nace. The  ring  melts  and  joins  the 
parts  together  solidly. 

This  is  an  example  of  furnace  brazing,  a  com- 
paratively new  way  of  joining  aluminum  to 
aluminum.  It  is  another  of  the  ways  in  which 
Alcoa  Research  has  made  aluminum  more  use- 
ful and  more  economical  to  fabricate. 

Alcoa  metallurgists  first  had  to  find  an  alumi- 
num alloy  that  would  melt  at  lower  temperature 
than  the  aluminum  parts  it  was  to  join.  Then,  in 
order  to  get  a  direct  metal-to-metal  bond,  they 
had  to  find  a  way  to  disperse  the  thin  film  of 
oxide  that  covers  aluminum. 

Finding    a    lov/-melting    alloy    was    relatively 


simple.  But  it  took  ye&rs  of  per- 
sistent research  to  produce  a  mix- 
ture of  chemicals  that  melted  with 
this  brazing  metal  and  rem6ved 
the  oxide  film.  The  discovery  of 
this  fln>|made  brazing  practicable. 
Such  discoveries  are  not  un- 
usual when  Imagination  teams  up 
with  Engineering.  At  Alcoa  we 
call  it  Imagineering. 
that — aluminum  cam  be  brazed. 
Someday  it  may  be  the  answer  to  your  own  design 
or  fabricating  problems.  » 

Remember,  too,  that  the  best  place  to  tiu-n 
for  answers  to  any  problem  about  aluminum  is 
the  place  where  the  most  research  has  been  done 
on  this  strong,  hgRt,  versatile  metal  .  .  .  the 
place  vAiere  there  is  the  most  knowledge  about 
its  use.  Turn  to  Alcoa. 

Aluminum  Company  of  America,  Gulf  Build- 
ing, Pittsburgh  19,  Pennsylvania. 


i\\L(^(o)/J\ 


FIRST  IN  ALUMINUM 


MARCH,   1947 
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A    BEARING    QUIZ    FOR    STUDENT    ENGINEERS 


JL/O  you  know  that  over  90%  of  all  modern  bearing  requirements  can  be 
met  adequately  with  the  Timken  Tapered  Roller  Bearing?  That  in  this  one  pre- 
cision mechanism  is  contained  a  multiplicity  of  abilities  which  when  fully  ap- 
preciated and  properly  applied  can  overcome  any  bearing  condition  you  ever 
may  encounter? 

Do  you  know  that  the  Timken  Roller  Bearing  is  more  than  an  anti-friction 
bearing;  more  than  a  radial  load  bearing?  That  it  is  an  all-load  bearing  —  can 
carry,  all  at  once,  radial  loads,  thrust  loads,  and  any  combination  of  them  with 
full  efficiency  and  certainty? 


J_/0  you  know  that  the  Timken  Bearing  was  introduced  nearly  50  years 
ago  and  has  undergone  constant  engineering  development  and  refinement  ever 
since?  That  the  Timken-developed  process  of  Generated  Unit  Assembly  produces 
true  spherical  (convex-concave)  contact  between  the  large  ends  of  the  rolls  and 
the  rib  or  flange  of  the  cone  thereby  reducing  friction  and  initial  wear  to  a 

minimum;  assuring  correct  alignment  of 
the  rolls  with  respect  to  the  races;  help- 
ing to  distribute  the  loads  evenly  through- 
out the  bearing;  decreasing  operating 
temperatures;  producing  quieter  running; 
and  last,  but  not  least,  assuring  that 
when  the  bearing  is  properly  mounted 
no  further  adjustment  is  required? 

J_/0  you  know  that  the  special  alloy 
steel  from  which  Timken  Bearings  are 
made  was  developed  in  our  own  metal- 
lurgical laboratories  and  is  produced  in 
our  own  steel  plant?  That  the  Timken 
Bearing  is  the  only  bearing  manufactured 
under  one  roof  from  raw  material  to 
finished  product? 

Would  you  like  to  know  more  about 
the  Timken  Bearing,  particularly  how 
it  can  help  you  in  your  engineering 
career?  Write  us.  The  Timken  Roller 
Bearing    Company,    Canton   6,    Ohio. 
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^Ui^em^.. . 


:     ISOLATED  WORKING  PARTS 
^  CORROSION-PROOF  LININGS 
■^  STREAMLINED  FLOW 

GRINNELL-SAUNDERS  DIAPHRAGM  VALVES 

•  The  flexible  diaphragm 
isolates  the  working  parts 
of  the  valve  from  the  fluid, 
preventing  contamination, 
and  permits  streamlined 
flow  plus  positive  closure 
even  with  suspended  solids. 
A  selection  of  diaphragm 
materials  and  also  body 
linings  of  glass,  porcelain, 
lead,  rubber  or  synthetics 
protects  against  corrosion. 


A  TYPICAL  EXAMPLE  OF  ORINNELL  PIPING  SERVICE 
COMPLErF  .  .  ,  EVERYWHERE 


Products  ManufattureJ 

»  Pipe  and  Tube  Fittings  •  EngU 
neered  Pipe  Hangers  •  Prefabri- 
cated Piping  *  Grinnell-Saiinders 
Diaphragm  Valves  •  Thermolier 
Unit  Heaters  •  Job  Work  Casting 

•  Automatic  Sprinklers  and  other 
Fire  Protection  Systems  •  Amco 
Ht/midificalion  and  Cooling  SyS' 
terns  •  Other  Piping  Specialties 

Supplier  of . . . 

•  Pipe,  Valves  and  Fittings  •  Spe- 
cialties for  Plumbing,  Heating, 
Water  Works  and  General  Piping 


GRINNELL  COMPANY,  INC. 

executive  Offices 
PROVIDENCE   1,  RHODE  ISLAND 


LL 


rHENEVEft    PIPING     IS   INVOLVED 


Copynshi  19^?,  Licceit  it  Mvtds  Tobalco  Co. 
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More  people  are  smoking  CAMELS  today  than  ever  before  in  history! 


Yes,  experience  during  the  war  sliortage  taught  millions 
the  differences  in  cigarette  quality. 


LET  POLO  STAR  Cecil  Smith  tell 
'  you  in  his  own  words:  "That  cig- 
arette shortage  was  a  real  experience. 
That's  when  I  learned  how  much  I 
really  appreciated  Camels!" 

Yes,  a  lot  of  smokers  found  them- 
selves comparing  brands  during  that 


shortage.  Result:  Today  more  people 
are  smoking  Camels  than  ever  before 
in  history.  But,  no  matter  how  great 
the  demand: 

He  dont  tamper  with  Camel  quality. 
Only  rlioiee  tobaecos^  properly  a^ed^  and 
blended    in    the   time-honored    Camel    way. 


According  to  a  recent  Nationwide  survey: 

More  Doctors  Smoke  Camels 
than  any  other  cigarette 


Three  nationally  known  indepen- 
dent research  organizations  asked 
113.597  doctors  — in  every  branch 
of  medicine— to  name  the  cigarette 
they  smoked.  Alore  doctors  named 
Camel  than  any  other  brand. 


GENERAL  ELECTRI 


TOMORROW'S  APPLIANCES 

The  Story  of 

JIM  YOUNG 


THE  General  Electric  refrigerators, 
ranges,  washers  and  other  appli- 
ances that  homemakers  will  be  buyng 
in  1950  are  already  under  development. 
James  F.  Young,  ten  years  out  of 
Lafayette  College's  mechanical  engi- 
neering school,  supervises  the  engi- 
neering of  these  appliances-to-come. 

Jim,  graduating  magna  cum  laude, 
chose  General  Electrics  job  offer  over 
others  because,  as  he  says,  "G.E. 
offered  more  different  fields  of  engi- 
neering, had  a  better  program  than 
any  other  company,  and  could  pro- 
vide better  experience." 

The  varied  experience  that  Jim 
sought  came  to  him  fast.  While  on 
"Test"  with  G.E.,  he  worked  in  four 
different  plants  and  at  six  different 
assignments,  rangingfrom  supercharger 
tests  to  studies  in  unbalance  of  hy- 
draulic systems.  Following  "Test"  he 
enrolled  in  the  G-E  Creative  Engineer- 
ing Program  and  drew  five  assign- 
ments in  laboratories  and  design  de- 
partments. 

When  he  had  completed  the  course 
he  was  appointed  supervisor  of  it. 
While  organizing  this  course  and 
lecturing  to  the  class,  he  studied  an- 
other— the  C  course  in  mechanical 
engineering.  He  also  wrote  and  edited 
"Materials  and  Processes,"  published 
in  1944. 

His  first  "real  work,"  he  says,  was 
in  helping  to  develop  large-size  rocket 
launchers,  both  airborne  and  land 
types.  The  creative  engineering  ability 
he  showed  on  this  assignment,  and 
on  later  problems,  insured  his  steady 
progress  to  the  top  of  the  Advance 
Engineering  Section  of  his  company's 
Appliance    and     Merchandise     Dept. 

Next  to  schools  and  the  U.S. Govern- 
ment, General  Electric  employs  more 
college  engineering  graduates  than 
any  other  organization. 


became  interested  in  mechanical  prob- 
s  early.  In  his  teens  he  found  a  hobby 
ebuilding  old  autos. 


As  an  early  job  with  G.E.  he  organized  and 
taught  engineering  courses,  became  super- 
visor of  all  mechanical  engineering  training. 


During  the  war  he  helped  develop  the  air- 
borne rocket  launcher,  important  factor  in 
smashing  Nazi  armor.  A  second  war  job: 
development  of  gyroscopes  for  torpedoes. 


Today  Jim  supervises  the  engineering  of  G-E 
household  appliances  to  be  marketed  two 
to  five  years  from  now.  He  still  directs  the 
training  of  many  new  engineers. 
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This  car  is  running  with  an   (EMPTV  ^gas  tank ! 


Even  after  the  gas  gauge  says  "empty"  a  modern 
C^'J  car  can  keep  going  for  a  good  many  miles.  Here's 

wliy. 

Automobile  manufacturers  know  human  nature.  They 
figure  that,  sooner  or  later,  we'll  get  careless,  or  misjudge 
how  far  we  have  to  go.  So  tlie  gas  gauge  is  set  to  show 
"empty,"  while  there  are  still  a  couple  of  gallons  left  in  the 
tank. 

This  reserve  supply  is  a  swell  idea  that  has  kept  many  a 
family  from  getting  stuck. 

It's  an  even  better  idea  for  a  family's  budget! 

A  reserve  supply  of  dollars  is  a  lifesaver  in  case  of  financial 
emergency.  It  will  keep  your  family  going  if  sudden  illness 
strikes,  or  unexpected  expenses  show  u]). 


serve  is  bii;/iiig  U.  S.  Savings  Bonds  ontlic  Pai/roll  Savings 
I 'Ian.' 

Millions  of  Americans  have  discovered  that  automatic 
Bond  buying  is  the  quickest,  surest  way  of  piling  up  an 
emergency  fund.  And  of  saving  money  for  other  things,  too 
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for  every  Bond  you  buy  plays  a  part  in  keeping  the  U.  S. 
strong  and  economically  sound! 


And  one  of  the  easiest  ways  to  build  just  such  a  cash  re-         strong  and  economically  sound! 
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ssmn^mxtBLi  sums 

"Metal  Muscles"  for  Power  and  Control 

Problems  involving  the  transmission  of  rota- 
M  tional  power  come  up  ail  the  time  in  engi- 
neering design.  And  to  many  of  them  the 
simplest  ansv^er  is  an  S.S.White  flexible  shaft 
—  a  single  mechanical  element  that  will  carry 
rotational  power  between  practically  any  two 
points,  regardless  of  turns,  obstacles  and 
distance.  Likewise,  you  will  find  S.S.White 
flexible  shafts  the  answer  to  hundreds  of 
mechanical  remote  control  problems. 

A  few  examples  are  shown  of  the  kind  of 
jobs  for  which  S.S.White  flexible  shafts  ore 
ideally  suited. 


S,S, While  flex/b/e  shofis  os  ip\n6\ei 
in  this  machine,  solved  ihe  problem 
of  drilling  up  (o  33  holes  simul- 
taneously in  many  different  hole 
arrangements. 


View  inside  a  radio  broadcast  trans- 
mitter shows  how  S.S.White  flexible 
shafts  provided  centralized  control 
while  allowing  tuning  elements  to 
be  mounted  in  the  most  favorable 
circuit  and   wiring  positions. 


Bottom  view  of  valve 
grinding  machine  head. 
Problem  was  to  provide 
a  positive  drive  for  the 
valve  holder  which  would 
permit  three-way  adjusf- 
ment  of  Ihe  holder.  An 
S  S.White  flexible  shaft 
was    the    simple    answer. 

The  simplicity  and  ready  adaptability  of 
S.S.White  flexible  shafts  for  a  wide  range  of 
power  drive  and  remote  control  requirements, 
explain  their  extensive  and  constantly  increas- 
ing use— and  are  good  reasons  why  design 
engineers  should  be  familiar  with  the  range 
and  scope  of  these  "metal  muscles"  for  power 
and  control. 

WRITE    FOR    BULLETIN    4501 

It  gives  the  basic  facts  and  technical  data  about 
flexible  shafts  and  their  use.  A  copy  is  yours  for 
the  asking.  Please 
mention  your  college 
when  you  write. 


In  this  unit  leaver  removed)  Ihe  problem  was  (o  provide  a  means  for 
operating  o  rotary  switch  from  a  convenient  outside  point.  As  can  be 
teen,  an  S.S.White  flexible  shaft  neatly  does  the  trick. 


SSWHITB 


INDUSTRIAL 


THE  S.S.  WHITE  OENTAl  MFG.  CO.  «*W«^«»^  M  m'^M^^mm     DIVISION 
-DEPT.  C,  10  EAST   40th   ST..  NEW  TORK    16.  N.  Y.— . 
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1926,  M.S.  in  1927,  and  Ph.D.  (summa 
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trical Engineering  at  Cornell  University. 
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civil  engineering  at  the  University  of  Illi- 
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Yesterday  it  was  sufficient  to  call  yourself  simply 
an  Electrical,  Mechanical  or  Chemical  Engineer. 
But  today  we  think  in  terms  of  specific  functions 
performed  .  .  .  such  as  research,  design,  develop- 
ment or  application  engineering.  For  example, 
Westinghouse  employs: 

RESEARCH  ENGINEERS  .  .  . 

to  investigate  physical  laws  to  extend  scientific 
knowledge — or  applied  research  to  solve  specific 
manufacturing  problems,  develop  new  apparatus. 

DESIGN  ENGINEERS  .  .  . 

to  design  all  types  of  electrical  apparatus  to  meet 
new  or  specialized  requirements.  Such  work  involves 
not  only  the  writing  of  mechanical  and  electrical 
specifications  but  the  selection  of  materials,  manu- 
facturing processes  and  many  other  functions. 

DEVELOPMENT  ENGINEERS  .  .  . 

to  evolve  the  desired  product  in  physical  form;  to 
steer  the  product  through  infancy  until  it  is  a 
success. 

APPLICATION  ENGINEERS  .  .  . 

to  analyze  new  projects,  recommend  needed  equip- 
ment; and  to  decide  what  type  of  apparatus  will  do 
the  best  job  for  the  customer. 

SERVICE  ENGINEERS  .  . . 

to  direct  installation  and  repair  at  the  customer's 
plants;  to  handle  emergency  breakdowns.        g-iooos 


~^ 
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These  are  but  a  few  of  the  many  oppor- 
tunities for  engineers  in  the  electrical  field. 
There  are  many  others  -in  sales  or  manu- 
facturing at  Westinghouse.  Begin  plans  for 
your  futijre  by  sending  today  for  your  free 
copy  of  **Finding  Your  Place  in  Industry." 


To  obtain  copy  of  Finding  Your  Place  in  Industry,  consult 
Placement  Officer  of  your  university,  or  mail  this  coupon  to: 

The  District  Educational  Coordinator 
Westinghouse  Electric  Corporation 
20  N.  \r acker  Drive,  P.  O.  Box  B,  Zone  90 
Chicago  6,  Illinois 

Name 


T\^stin^house  ! 

PLANTS  IN   25   CITIES  .  .  .  ^^    OFFICES  EVERYWHERE  | 


College- 


Address- 
City 


.jState_ 
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Some  Modern  Uses  For  Paeka^ed  Gases 


Many  new  uses  of  compressed  gases, 
as  well  as  variations  of  old  uses,  should 
be  well  worth  consideration  liy  grad- 
uate and  undergraduate  engineers.  In 
a  short  article  it  is  possible  to  discuss 
only  a  few  more  recently  developed 
uses  of  compressed  industrial  gases  and 
perhaps  some  of  the  common  indus- 
trial practices  which  may  not  be  cov- 
ered in  all  engineering  classes.  This 
article  will  deal  with  the  gases  making 
up  the  air  and  a  few  others  that  are 
used  in  combination  with  oxygen. 

An  indication  of  the  importance  of 
the  compressed  gas  industry  in  the 
country  is  that  it  is  ajiout  the  ninth 
largest  industry  in  the  United  States 
from  the  point  of  view  of  investment. 
This  gas  business  delivers  for  the  most 
part  a  relatively  cheap  product  in  an 
expensive  package.  For  example, 
about  two  dollars'  worth  of  oxygen  is 
delivered  in  a  thirty-dollar  package. 
This  means  that  quick  use  of  the  con- 
tents and  prompt  return  of  the  cyl- 
inders are  necessary  if  the  compressed 
gas  industry  is  to  remain  econoniicallv 
sound  and  prices  of  gases  arc  to  ])e 
kept  low. 

Gases  under  very  high  pressure  are 
being  shipped  in  cylinders.  These  cyl- 
inders are  made  of  special  high- 
strength  steels  under  careful  controls. 
Pressures  of  the  gases  range  from  a 
few  pounds  up  to  2,200  pounds  per 
square  inch.  All  cylinders  moving  in 
interstate  commerce  are  made  in  ac- 
cordance with  Interstate  Commerce 
Commission  specifications  and  are  so 
marked  for  easy  identification.  Many 
states  now  require  that  cylinders  for 
intrastate  shipment  also  comply  with 
I.C.C.  specifications,  which  have 
proved    quite    satisfactory    over    the 


years.  One  reason  for  the  success  of 
I.C.C.  cylinders  is  doubtless  the  re- 
quired periodical  inspection  and  re- 
testing.  Many  high-pressure  cylinders 
are  tested  by  the  magnetic  particle 
method,  and  often  they  are  rejected  for 
flaws  which  to  the  average  person 
would  seem  quite  minor. 

We  live  surrounded  by  air  which  is 
a  mixture  of  gases,  at  what  we  call 
atmospheric  pressure.  This  varies  with 
the  altitude  and  at  sea  level  it  is  14.7 
pounds  per  square  inch  absolute.  The 
relative  proportions  of  this  mixture 
consist  of  78.03  per  cent  nitrogen, 
20.99  per  cent  oxygen,  0.93  per  cent 
argon,  one  part  in  sixty-five  thousand 
of  neon,  one  part  in  two  hundred 
thousand  of  helium,  one  part  in  one 
million  of  krypton,  and  one  part  in 
ten  million  of  xenon.  Minute  amounts 
of  other  gases  are  present,  such  as 
hydrogen,  carbon  dioxide,  water  va- 
por, ammonia,  and  the  oxides  of  nitro- 
gen. In  this  discussion,  however,  these 
gases  are  considered  as  negligil)le  im- 
purities. 

OXYGEN 

Obviously  the  most  important  of  all 
gases  to  man  is  oxygen,  whose  con- 
tinuous supply  is  absolutely  necessary 
for  life.  We  could  go  a  month  without 
food,  nearly  a  week  without  water,  but 
not  over  five  to  eight  minutes  without 
oxygen.  The  supply  of  oxygen  is  taken 
for  granted  and  is  practically  unlim- 
ited, for  about  half  the  earth's  crust 
is  oxygen  in  one  form  or  another.  The 
proportion  in  the  atmosphere,  about 
twenty-one  per  cent,  does  not  vai-y  and 
is  generally  sufficient  for  maintenance 
of  life.  Of  course  when  disease  inter- 
feres with  ordinary  respiration,  suf- 
ficient oxvgen  mav  not  reach  the  tis- 


sues of  the  lungs.  Supplementary  oxy- 
gen has  to  be  supplied  in  treatments 
called  inhalational  or  oxygen  therapy. 
Such  oxygen-want  (anoxia)  was  known 
medically  150  years  ago,  but  the  treat- 
ment was  not  a  success  at  that  time 
because  of  the  inadequate  apparatus 
for  administration  of  oxygen  and  the 
absence  of  manufacture  and  distribu- 
tion of  oxygen  in  suitalile  quantities. 
Today,  oxygen  therapy  is  a  generally 
recognized  treatment,  and  most  of  the 
oxygen  manufactured  in  this  country 
is  suitable  for  administration  to  human 
beings.  The  United  States  Pharma- 
copeia requires  a  purity  of  ninety-nine 
per  cent  oxygen.  Most  industrial  oxy- 
gen exceeds  this  specification.  Today, 
oxygen  is  used  so  freely  that  some  hos- 
pitals have  oxygen  piping  systems 
which  carry  the  gas  from  the  mani- 
folded cylinders  to  hundreds  of  bed- 
side outlets.  Ambulances,  emergency 
police  squads,  mine-rescue  teams,  and 
many  other  similar  life-saving  groups 
are  equipped  with  small  cylinders  of 
highly  compressed  oxygen  and  the 
necessary  administering  apparatus. 

During  the  war  oxygen  was  tre- 
mendously important.  The  lessons  we 
learned  in  the  high-altitude  flights  of 
bomliers  and  fighter  planes  are  now 
being  used  in  industrial  aviation  to 
meet  the  problem  of  inadequate  par- 
tial pressure  of  oxygen  in  the  atmos- 
phere above  10,000  feet.  Oxygen  for 
aviation  must  be  free  of  moisture  to 
avoid  freezing  the  controls  of  a  mask 
or  other  device.  Peacetime  industry 
has  been  greatly  helped  by  results  of 
research  made  during  the  war  l)y  our 
Air  Forces  and  by  manufacturers 
working  closely  with  the  military 
establishment  on  oxygen  supply  sys- 
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In  the  foreground  are  oxygen  cylinders  and  acetylene  generators  to  supply  the  gases  used  in 
pressure-welding  24-inch  overland  pipe  line  by  means  of  the  apparatus  hanging  over  the  pipe. 


tems,  regulators,  special  types  of  equip- 
ment, and  cylinders.  For  example,  low- 
pressure  chambers  built  during  the 
war  for  the  study  of  altitude  conditions 
at  ground  level  are  now  available  for 
further  research. 

The  use  of  oxygen  with  acetylene 
for  welding  and  cutting  is  familiar  to 
many  people.  Acetylene,  an  extremely 
important  industrial  gas,  may  be  used 
from  a  cylinder  into  which  it  is  com- 
pressed or  it  may  be  used  directly  as 
generated  from  calcium  carliide  and 
water.  The  compression  of  acetylene 
into  a  cylinder  is  unusual  because  free 
acetylene  should  not  be  stored  at  a 
pressure  above  15  lb.  per  sq.  inch. 
Acetylene  cylinders  are  packed  with  a 
porous  material.  The  line  pores  are 


filled  with  acetone,  a  liquid  that  has 
the  property  of  dissolving  or  absorb- 
ing many  times  its  own  volume  of 
acetylene.  Acetylene  may  be  stored  in 
a  compressed  gas  cylinder  of  this  type 
with  perfect  safety,  and  such  cylinders 
are  charged  to  a  pressure  of  about  250 
lb.  per  sq.  in.  at  70  deg.  F. 

Our  ships,  tanks,  armaments,  and 
defense  plants  of  various  kinds  could 
not  have  been  produced  without  the 
flexibility  and  utility  of  the  oxy- 
acetylene  process,  which  has  become 
a  universal  tool  of  industry.  New  tech- 
niques of  steel-conditioning  facilitated 
the  tremendous  output  of  the  steel 
mills.  Fairly  recent  is  the  spectacular 
development  of  a  machine  that  de- 
surfaces  hot  steel  billets  right  in  the 


roll  line.  This  machine  literally  skins 
off  the  outside  surface  to  prevent  de- 
fects which  would  later  develop  in  the 
rolled  product.  The  de-surfacing  op- 
eration actually  increases  the  tempera- 
ture of  the  billet  instead  of  allowing 
it  to  cool.  The  de-surfacing  operation 
can  also  be  done  by  hand  on  cold  bil- 
lets. An  outgrowth  of  this  is  the  oxy- 
acetylene  gouging  process  for  remov- 
ing excess  metal  and  for  cleaning  out 
defects  in  heavy  welds. 

Hundreds  of  miles  of  over-land  pipe 
lines  and  many  thousands  of  rails  have 
been  welded  by  the  oxy-acetylene 
pressure-welding  process,  a  fairly  re- 
cent development.  In  pressure-welding, 
the  parts  to  be  welded  are  forced  to- 
gether by  great  pressure.  At  the  same 
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time  they  are  heated  by  oxy-acetylene 
flames  to  a  temperature  at  which  the 
metal  becomes  plastic  but  not  fluid. 
The  pressure  forces  the  abutting  sur- 
faces together  to  form  a  weld  that  has 
the  unusual  characteristic  of  having 
no  metal  added  from  a  rod  or  other 
source.  In  other  words,  the  parent 
metal  makes  the  weld.  This  type  of 
welding  makes  possible  the  joining  of 
considerably  dissimilar  steels.  Special 
pressure-welding  machines  for  per- 
forming many  different  types  of  op- 
erations are  being  constructed  for  in- 
dustry. Although  these  machines  in- 
volve some  expense,  the  result  is  a 
lower  unit  cost  for  a  particularly  sound 
weld. 

The  largest  proportion  of  oxygen 
used  in  industry  at  present  is  for  sever- 
ing steel.  This  depends  on  the  fact 
that  iron  burns  in  pure  oxygen  at  a 
temperature  below  its  melting  point. 
The  cutting  torch  heats  the  metal  with 
a  number  of  oxy-acetylene  flames  sur- 
rounding the  central  orifice,  through 
which  a  stream  of  oxygen  is  released. 
When  the  metal  is  heated  to  a  visible 
red,  the  cutting  oxygen  stream  is 
turned  on.  The  oxygen  stream  'strik- 
ing the  heated  iron  makes  a  continuing 
cut  as  the  blowpipe  is  moved  along. 
The  development  of  oxy-acetylene  cut- 
ting has  so  advanced  that  today  steel 
up  to  sixty  inches  thick  can  be  cut 
with  oxygen  pressure  on  the  cutting 
jet  of  less  than  eight  pounds  per  square 
inch. 

Engineers  generally  may  not  be 
aware  of  the  wide  scope  of  methods 
for  welding  or  cutting  metals.  Most  of 
them  may  have  noted  the  extreme 
])ortal)ility  of  the  outfits  for  repairs, 
l)ut  one  must  actually  enter  our  large 
factories  to  see  the  most  recent  de- 
velopment of  automatic  operations 
where  intricate  shapes  are  automatic- 
ally cut  by  machines  guided  by  temp- 
lets. Several  blowpipes  may  be  cutting 
simultaneously,  all  guided  by  one 
templet,  or  one  moving  blowpipe  may 
be  cutting  many  plates  stacked  one  on 
the  other. 

The  volume  of  oxygen  and  acetylene 
used  in  such  processes  is  so  great  that 
the  gases  are  brought  to  the  point  of 
use  through  piping  systems  from  large 
banks  of  manifolded  cylinders.  Where 
the  volume  of  oxygen  used  is  extreme- 


ly large,  liquid  oxygen  is  delivered  to 
a  plant,  placed  in  a  special  container, 
and  then  expanded  into  gaseous  oxy- 
gen before  it  enters  the  pipe  lines.  In 
some  industrial  plants  where  require- 
ments are  moderately  large,  storage 
units  are  installed  outside  of  the  build- 
ings; they  consist  of  banks  of  long 
high-pressure  tubes  or  portable  cyl- 
inders manifolded  together.  These 
units  are  charged  from  a  truck  that 
carries  liquid  oxygen  and  equipment 
which  converts  the  liquid  to  gas.  The 
oxygen  is  discharged  at  2200  11).  per 
square  inch. 

Recent  developments  in  oxygen  uses 
border  on  the  dramatic.  For  instance, 
the  iron-mining  industry  is  now  con- 
sidering the  use  of  lower  grade  ores. 
Some  of  these  cannot  be  mined  eco- 
nomically because  the  ores  are  not 
only  low  grade  but  are  so  very  hard 
that  the  costs  of  drilling  are  out  of  pro- 
portion to  the  value  of  the  ore.  Recent 
experiments  with  a  new  process  called 
fusion-piercing  have  been  announced 
in  the  Engineering  and  Mining  Journal 
(October  and  November,  1946).  They 
indicate  how  this  can  be  accomplished 
with  a  rotating  blowpipe  on  a  long 
shaft  which  directs  against  the  rock 
surface  a  flame  using  oxygen  and  a 
special  flux.  The  intense  heat  melts 
the  rock,  and  the  velocity  of  the  flame 
and  gases  blows  the  material  past  a 
rotating  water  spray  above  the  burner 
tip  and  carries  all  this  exhaust  material 
out  of  the  hole.  It  is  interesting  to  note 
that  a  6-in.  diameter  hole,  30  feet  long, 
has  been  drilled  at  as  high  a  rate  as 
17  feet  per  hour,  whereas  ordinary 
methods  yield  about  one  foot  per  hour. 

After  the  hole  is  drilled,  the  blast- 
ing can  be  done  without  dynamite  or 
powder.  A  carbonaceous  material  in 
a  suitable  bag  is  impregnated  with 
liquid  oxygen.  The  bags  are  loaded 
into  the  drilled  holes,  and  any  number 
of  blasts  may  be  set  off  at  once  by  a 
detonating  fuse.  No  dangers  arise  from 
misfires  by  the  use  of  liquid  oxygen 
explosives,  because  bags  that  fail  to 
explode  soon  lose  the  oxygen  by  evap- 
oration and  thus  are  non-explosive. 

Another  interesting  use  of  oxygen 
is  in  a  rather  novel  chemical  procedure 
for  "sweetening"  gasoline.  Oxygen  is 
used  in  combination  with  copper 
chloride    to    convert    mercaptans    to 


disulphides.  This  removes  the  source 
of  odors  in  the  end  product. 

Ones  imagination  is  almost  stag- 
gered by  the  possibilities  now  being 
worked  on  for  the  use  of  oxygen  in 
tremendous  quantities,  not  necessarily 
of  the  highest  purity,  for  speeding 
up  operations  in  open  hearth  furnaces, 
blast  furnaces,  and  in  chemical  transi- 
tion processes  such  as  the  Fischer- 
Tropsch  method  of  producing  gaso- 
line. If  these  later  developments  are 
successful,  the  volumes  of  oxygen  in- 
volved may  be  so  spectacular  as  to 
make  our  current  use  of  oxygen  seem 
small  in  comparison. 

Before  leaving  the  subject  of  oxy- 
gen, attention  may  be  directed  to  its 
use  in  producing  synthetic  sapphires. 
The  war  brought  on  the  necessity  for 
providing  an  American  source  of  syn- 
thetic sapphires  for  instrument  jewel 
bearings.  Cut  off  from  European  sup- 
plies, intensive  research  was  insti- 
tuted, and,  as  a  result,  quality  synthetic 
sapphire  was  successfully  produced  in 
large  amount.  J 

Synthetic  sapphire,  also  known  as  i 
corundum,  is  produced  by  feeding  fine- 
ly divided  particles  of  alumina  into 
an  oxy-hydrogen  furnace.  This  alu- 
mina is  fused  in  the  flame  and  built 
up  on  a  clay  pedestal  in  a  carrot-shaped 
form  known  as  a  boule.  The  process 
has  also  been  developed  to  produce 
long,  slim  rods  of  corundum  which 
facilitate  bearing  production.  At  first,  J 
only  white  sapphire  was  made,  but  -* 
now  practically  any  desired  color  is 
produced.  In  addition  to  bearings,  the 
material  is  widely  used  for  semi- 
precious jewelry.  Because  of  its  optical 
properties,  it  is  going  into  use  where 
a  high  percentage  of  transmission  of 
certain  wave  lengths  of  light  is  neces- 
sary, such  as  ultra  violet,  for  special 
irradiation  purposes.  The  material 
also  is  used  for  the  working  ends  of 
gauges,  outlasting  the  best  steel  gauges 
many  times. 

Synthetic  sapphire  can  be  given  an 
exceptionally  smooth  surface  and  is 
next  in  hardness  to  the  diamond  on 
Mobs'  scale,  with  an  index  of  9  as 
compared  to  10  for  the  diamond.  This 
combination  of  smoothness,  hardness, 
and  homogeneity  makes  it  suitable  for 
applications  such  as  jewel  bearings, 
injector  nozzles,   and  wherever  such 
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highly  polished  surfaces  are  necessary 
to  prevent  abrasion  and  wear. 

NITROGEN 

Nitrogen  is  the  largest  constituent  of 
the  air.  It  is  separated  by  the  air- 
liquefaction  process.  Until  recently 
high-puritv  nitrogen  in  industry  has 
been  used  less  than  oxygen.  In  general 
industry,  nitrogen  has  been  used  for 
its  relative  chemical  inertness  at  ordi- 
nary temperatures.  During  the  war  a 


greatly  increased  demand  for  nitrogen 
for  special  purposes  resulted  in  much 
greater  production. 

In  the  food  industry,  a  stream  of 
nitrogen  flows  through  cylinders  in  the 
processing  of  animal  and  vegetable 
oils  and  fats.  Such  materials  are  par- 
ticularly susceptible  to  oxidation,  re- 
sulting in  very  undesirable  changes  in 
taste  and  flavor.  Therefore  processors 
are  greatly  interested  in  excluding  oxy- 
gen as  completely  as  possible  through- 


In  this  repair  of  a  magnesium  casting  the  heated  zone  is  surrounded  by  the  inert  gas  argon 
which  flows  out  of  the  torch  around  the  tungsten  electrode. 


out  the  entire  process  of  manufacture 
and  packing.  If  solid  oils  are  treated 
in  a  vacuum,  pure  nitrogen  is  now 
used  instead  of  air  to  break  the  vac- 
uum. It  has  been  customary'  to  whip 
five  to  ten  per  cent  of  air  into  a  finished 
product  to  improve  the  physical  char- 
acteristics. Now  manufacturers  are 
substituting  nitrogen  to  avoid  incor- 
porating oxygen  into  the  product.  Also 
producers  are  removing  the  air  from 
the  head  space  in  containers  and  fill- 
ing it  with  nitrogen.  This  practice 
allows  a  long  period  of  shelf-life  under 
quite  adverse  conditions  without  de- 
terioration in  flavor.  The  wider  use 
of  dehydrated  foods  has  shown  that 
bacteria  will  ultimately  cause  them  to 
deteriorate.  The  substitution  of  nitro- 
gen for  oxygen  in  the  container  allows 
an  extended  time  interval  without  de- 
terioration in  shipping  and  storage 
before  use,  even  in  very  hot  climates. 
The  process  helps  maintain  flavor,  pre- 
vents loss  of  certain  vitamins,  and  in- 
hibits growth  of  mold.  The  Army  used 
tremendous  quantities  of  dry  whole 
milk,  dry  ice-cream  mix,  dry  egg  pow- 
der, nuts,  and  citrus  products.  Nitro- 
gen packing  was  of  great  importance  in 
reducing  the  residual  oxygen  to  the 
smallest  possible  amount.  Investiga- 
tion is  now  under  way  to  apply  similar 
procedures  to  a  number  of  other  food 
products.  For  example,  continuous 
churns  make  it  possible  to  whip  nitro- 
gen into  butter.  Air  with  its  oxygen 
content  is  eliminated,  and  the  inert 
nitrogen  helps  keep  the  natural  flavor. 
In  the  pharmaceutical  field,  nitrogen 
is  used  in  packing  numerous  dietetic 
products  and  in  the  processing  of  vita- 
mins. The  paint  and  varnish  industry 
likewise  uses  increasing  amounts  of 
nitrogen  to  protect  products  which  de- 
teriorate from  the  effects  of  oxygen 
and  moisture. 

For  centuries  the  metal-working  in- 
dustry has  used  heat  in  the  close  fitting 
of  one  metal  part  around  another.  In 
modern  industry  the  reverse  of  this 
procedure  is  frequently  preferable, 
that  is,  cooling  the  metal  so  that  one 
part  will  fit  inside  another.  When 
working  with  close  tolerances  and 
where  very  tight  fits  are  necessary, 
it  has  become  more  and  more  general 
to  cool  the  inner  piece  with  liquid 
See  GASES  on  page  58 
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HDMAIVCE  IN  STEEL 


By  Henry  Penn 


Whenever  the  steel  industry  is  men- 
tioned in  the  public  press,  it  is  said  to 
be  '"big  business".  Just  how  big  is  it? 
In  1929,  the  ingots,  or  poured  blocks 
of  steel,  produced  in  the  United  States 
amounted  to  approximately  three  and 
one-half  pounds  per  day  for  each  per- 
son of  our  entire  population.  During 
the  war  years  it  reached  a  figure  of 


almost  four  pounds  per  capita  per  day, 
in  spite  of  our  increase  in  population. 
These  quantities  are  so  enormous  that 
no  other  metal  is  really  comparable. 

We  cannot  well  consume  steel  lit- 
erally, but  try  to  think  of  something 
in  your  daily  life  in  which  steel  does 
not  plav  a  part.  For  every  metal  or 
material,  steel  supplies  the   tools  for 


development  for  man's  use.  Now  the 
figures  given  before  extended  into  an- 
nual production  are  enormous,  l)ut  no 
one  has  an  idea  of  the  total  number  of 
tons  of  steel  that  are  in  constant  use 
to  which  we  add  our  annual  produc- 
tion and  from  which  we  subtract  that 
which  goes  back  to  the  steel  mill  as 
scrap.  The  tremendous  production  and 
use  of  steel  plays  an  important  part  in 
the  industrial  development  of  our 
country  as  compared  with  other  na- 
tions. 

Historical  information  on  steel  is  in- 
teresting. We  commonly  hear  of  three 
ages  of  man — Stone,  Bronze  and  Iron. 
These  ages  are  not  separated  by  exact 
dates.  In  fact,  the  ages  lap  over  one 
another;  in  the  same  way  any  new 
article  does  not  now  immediately  dis- 
place those  previously  on  the  market, 
but  must  gradually  develop  its  useful- 
ness. Since  the  various  metals  and 
other  elements  are  not  equally  abun- 
dant in  all  parts  of  the  world,  the  ages 
do  not  start  everywhere  at  the  same 
approximate  time. 

In  Egypt,  Chaldea,  Assyria  and 
China,  the  Iron  Age  reaches  back  to 
about  4000  B.  C.  In  Africa,  the  use  of 
iron  succeeds  the  Stone  Age  direct. 
In  Europe,  iron  was  used  before  Julius 
Caesar's  time.  As  the  story  goes,  in 
Tyre,  steel  swords  were  tempered  by 
plunging  them  thrice  through  a  slave's 
body  after  heating  to  a  sun  red  and 
cooling  to  a  royal  blue.  When  finished, 
the  sword  had  to  stand  the  test  of 
cutting  off  a  slave's  head  in  one  blow, 
and  bending  into  a  circle  with  the  ends 
touching  without  breaking.  Hater,  vil- 
lage blacksmiths  used  similar  temper- 
ing methods  with  water  as  a  cooling 
medium,  thus  making  a  tremendous 
saving  in  manpower.  These  early  steels 
and  irons  were  made  in  crude  forges 
by  processes  not  adapted  to  produc- 
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tion  in  large  quantities.  The  ancients 
could  not  easily  produce  the  tempera- 
tures that  are  necessary  for  modern 
steel  making. 

In  1450  A.  D.,  cast  iron  was  produced 
by  the  blast  process  in  Middle  Europe. 
Cast  iron  contains  iron  and  carljon 
with  carbon  content  of  more  than  one 
per  cent.  The  difference  between  steel 
and  cast  iron  that  affects  their  relative 
usefulness  lies  principally  in  the  phys- 
ical properties  of  the  two  metals. 
While  cast  iron  can  only  be  formed 
while  changing  from  a  hot  liquid  to  a 
solid,  steel  can  be  cast  in  a  liquid  state 
and  formed  in  either  hot  or  cold  form 
by  a  number  of  processes.  Physically, 
cast  iron  is  a  hard,  brittle  material, 
with  a  relatively  low  tensile  strength. 
Steel  is  a  tough,  ductile  material  with 
practically  equal  compressive  and 
tensile  strength.  Steel  can  be  made  to 
have  a  variety  of  characteristics  by  con- 
trolling the  chemistry  of  its  manufac- 
ture. 

In  1854,  just  a  few  years  Ijcfore  our 
Civil  War,  the  Bessemer  process  was 
invented.  It  was  developed  in  France 
and  America  at  the  same  time.  The 
process  consists  in  blowing  air  or  oxy- 
gen through  molten  cast  iron.  The  oxy- 
gen unites  with  the  carbon  of  the  cast 
iron.  The  resulting  combustion  burns 
out  a  portion  of  the  carbon  and  raises 
the  temperature  of  the  residual  molten 
mass  so  that  it  can  be  cast  into  steel 
ingots.  Thus,  at  one  stroke,  the  prob- 
lem of  the  ancients  was  solved,  and 
cast  iron  was  converted  into  steel  in 
large  quantities. 

In  1864,  the  open  hearth  process 
was  invented.  This  method  uses  fuel 
for  heating  and  reduces  the  carbon  by 
the  introduction  of  iron  oxides.  This 
process  made  better  steel,  since  it  per- 
mitted control  of  undesirable  impuri- 
ties. Cheaper  ores  can  be  used. 

In  1880,  we  have  the  beginning  of 
the  Steel  Age.  A  hot  ingot  was  con- 
verted into  rolled  shapes  and  a  great 
upheaval  in  civilization  was  on  its 
way.  The  statement  has  been  made  that 
in  the  last  sixty  years,  ninety  per  cent 
of  all  human  knowledge  has  come  into 
existence.  Regardless  of  the  accuracy 
of  these  figures,  or  the  surmise  that 
this  is  a  coincidence,  we  do  know  that 
in  that  short  period  of  time,  we  have 


Highway  Bridge  Over  the  Chicago,  Burlington  and  Quincy  Railroad  at  Albia,  Iowa. 


learned  to  make  steel  so  cheaply  that 
the  new  use  of  steel  annually  is  three 
and  one-half  pounds  per  person  per 
day. 

To  tell  the  entire  story  of  the  use 
of  steel  does  not  come  within  the  scope 
of  this  article.  Books  could  be  written 
on  the  subject.  A  jjricf  survey  of  the 
use  of  steel  in  the  construction  field 
will  illustrate  the  possibilities  in  this 
material.  The  construction  industry 
annually  uses  between  ten  and  fifteen 
per  cent  of  the  steel  produced  in  the 
United  States  or,  say,  one-half  pound 
per  person  per  day'.  The  material  is 
used  in  the  buildings  and  structures 
of  commercial,  industrial  and  govern- 
mental enterprises  as  well  as  the 
bridges  of  our  transportation  systems. 

The  steel  construction  industry 
draws  its  basic  material  from  the  roll- 
ing mills.  It  consists  of  plates  and  mem- 
bers of  various  shaped  cross  sections, 
such  as  angles,  channels,  I-beams,  and 
others.  The  size  of  the  pieces  varies 
according  to  the  use  to  which  they  are 
to  l)e  put.  A  plate  may  be  a  fraction 
or  several  inches  in  thickness  and  up 
to  144  inches  in  width.  An  I-bcam 
might  be  up  to  36  inches  in  depth,  or 
might  weigh  426  pounds  per  foot  of 
length.  In  the  book  Steel  Construction- 
complete  detailed  characteristics  and 
information  in  regard  to  design  use 
may  l)e  found. 

In  making  these  shapes,  the  mills 
refine  the  steel  in  the  open  hearth 
furnace,  pour  it  into  ingots,  and  then 


^  See  Steelways,  Jan.  1947,  published  by  Aitier.  Iron  and 
Steel  Institutes. 
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roll  it  at  the  proper  temperature  into 
the  desired  section.  Steel  is  worked  and 
reworked,  rolled  and  rolled  again, 
until  the  metal  has  a  uniform,  fine 
grained,  tough  texture.  The  chemical 
properties  of  steel  are  more  accurately 
fixed  than  are  the  properties  of  a  med- 
ical prescription  compounded  by  an 
expert  pharmacist.  Bv  controlling  the 
chemical  components  in  thousandths 
of  a  per  cent,  as  is  done,  steels  of  any 
desired  characteristics  may  be  ob- 
tained. All  the  physical  properties  are 
tested  and  known  before  the  material 
is  used.  Metallurgists  and  chemists 
control  the  manufacture  to  the  end 
that  architects  and  engineers,  who 
work  with  structural  steel,  have  the 
assurance  of  recognized  and  tested 
strength — uniform,  consistent  in  every 
fiber. 

The  architects  and  engineers  who 
make  the  designs  of  buildings  have 
the  task  of  delineating  on  I)lue  prints 
the  dreams  of  an  owner,  whether  for 
a  commercial,  industrial,  or  other  type 
of  building.  The  over-all  plan  must, 
of  course,  house  the  functions  which 
the  owner  has  planned.  In  detail,  how- 
ever, each  column,  girder,  beam,  truss, 
or  brace,  must  be  carefullv  considered 
as  to  the  desirability  of  its  location, 
and  its  size,  to  meet  the  load  which 
will  probalily  be  put  upon  it  when  the 
structure  is  occupied.  In  making  his 
plans,  the  designer  soon  learns  of  the 
value  of  the  high  strength  that  steel 
possesses,  for  it  permits  columns  and 
beams  to  be  relatively  small  in  area; 
steel  weighs  less  per  strength  unit  than 
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any  other  structural  material.  Thus  the 
planner  makes  a  paper  picture  of  all 
the  parts  that  make  up  the  structural 
frame  of  the  building. 

Many  types  of  building  are  neces- 
sary to  the  complex  existence  of  the 
people  of  our  country.  Apartments, 
schools,  university  buildings,  hospitals, 
office  buildings,  hotels,  and  ware- 
houses are  usually  of  a  type  known 
as  multi-story  or  tier  buildings.  In- 
dustrial buildings  are,  generally  speak- 
ing, one-story  or  roof  buildings  be- 
cause the  plant  operations  are  carried 
on  the  main  floor  at  ground  level. 
Churches,  power  houses,  and  similar 
structures  are  specially  designed  to  fit 
individual  cases.  In  most  of  the  types 
indicated,  no  general  rules  can  be  laid 
down  as  to  how  to  achieve  the  lowest 
cost.  In  many  cases  it  is  necessary  to 
carry  out  studies  with  various  layouts 
in  order  to  determine  which  would 
make  the  most  desirable  arrangement. 

The  history  and  development  of 
some  of  the  types  of  building  is  very 
interesting.  Styles  of  architecture 
usually  are  the  highest  development 
of  the  structural  frame  available  in 
that  type.  The  column  and  beam,  arch 
and  buttress,  mark  the  limits  of  certain 
forms.  It  was  a  long  while  before  mod- 
ern architecture  stood  out  and  was 
recognized  in  the  multi-storied  build- 
ing. In  it  are  expressed  the  horizontal 
and  vertical  lines  of  the  structural  steel 
frame.  The  skyscraper  is  thus  Amer- 
ica's principal  contribution  to  architec- 
ture, but  it  is  a  large  one. 

Early  tall  buildings  were  con- 
structed with  heavy  load-bearing 
masonry  exterior  walls.  The  interior 
framing  was  usually  column  and  gird- 
er, but  lateral  stability  came  from  the 
heavy  walls.  The  exterior  walls  were 
decorated  in  Georgian,  Classic  or  other 
styles  of  architecture. 

In  1884,  William  LeBaron  Jennv  de- 
signed and  began  the  construction  of 
the  Home  Insurance  Building  on  the 
northeast  corner  of  LaSalle  and  Adams 
Streets  in  Chicago.  In  the  desire  to 
obtain  adequate  daylight  in  the  rooms 
of  this  office  building,  the  windows 
became  so  large  that  the  remaining 
masonry  wall  was  insufficient  to  carry 
the  loads  of  the  floors  adjacent.  The 
designer  overcame  this  problem  by 
carrying  the  walls  on  structural  fram- 


ing and  columns  and  thus  was  born 
"skeleton"  type  of  framing.  The  own- 
ers and  the  designers  were  thoroughly 
aware  that  they  were  using  a  new  type 
of  building  construction.  The  available 
materials  for  the  frame  were  cast  iron 
columns,  cast  iron  lintel  beams,  and, 
in  general,  wrought  iron  I-beams.  By 
permission  of  the  designer,  the  Car- 
negie-Phipps  Co.  supplied  one  ship- 
ment of  the  new  rolled  steel  beams  for 
use  in  the  frame.  Thus,  in  the  first 
skyscraper  (seven  stories  high)  there 
was  also  early  use  of  steel  beams. 

The  skyscraper  has  developed  by 
leaps  and  bounds  because  of  the  tre- 
mendous possibilities  of  riveting  to- 
gether structural  steel  members  of 
almost  unlimited  size.  So  today  we 
have  buildings  like  the  Empire  State 
in  New  York,  over  1250  feet  high,  and 
others  similar  to  the  Field  Building  in 
Chicago  (illustrated  here),  which 
stands  on  the  site  of  the  Home  Insur- 
ance Building. 

Industrial  l)uildings  have  increased 
in  dimensions  horizontally  rather  than 
vertically.  In  earlier  days,  it  was 
thought  that  an  economical  construc- 
tion for  a  manufacturing  plant  could 
be  a  multi-story  building  in  which  the 
raw  materials  were  lifted  to  the  top 
floor  and  traveled  down  through  the 
Ijuilding  and  out  of  the  main  floor  as 
package  goods  ready  for  delivery.  It 
has  long  since  been  proven  that  the 
processes  can  l)e  laid  out  in  plan,  with 
horizontal  transportation,  and  the 
whole  economically  housed  with  spans 
adjusted  to  bv-pass  the  production 
machinery. 

The  variety  of  such  structures  is  un- 
limited. Chain-store  warehouses  of  the 
one-story  roof  variety  have  been  built 
with  550,000  square  feet  of  floor  area. 
The  columns  are  spaced  24  feet  on 
centers  in  both  directions,  and  the  total 
amount  of  structural  steel  involved 
has  been  not  more  than  4  pounds  per 
square  foot  of  the  area.  In  steel  mills, 
cranes  having  150-ton  capacities  roll 
on  rails  100  feet  apart  and  30  feet 
above  the  ground  or  working  area. 
Buildings  for  the  manufacture  of  air- 
l>lanes  have  been  320  feet  wide  by 
4000  feet  long,  and  the  row  of  columns 
near  the  center  of  the  width  were  200 
feet  apart.  Sports  buildings  have  been 
built  having  250  feet  clear  spans. 


From  the  foregoing,  it  should  be 
quite  evident  that  the  structural  steel 
frame  of  every  building  is  more  or 
less  special.  There  are  practically  no 
two  buildings  for  which  the  same  de- 
sign drawings  could  be  used.  In  a 
multi-story  building,  there  may  be  a 
series  of  beams  that  are  duplicated.  In 
an  industrial  building,  there  may  be 
a  number  of  trusses  that  are  alike.  No 
■'stock"  pieces  of  Ijuilding  frames  can 
be  found.  Even  with  the  duplication 
indicated,  it  should  be  considered  that 
this  very  superior  building  material 
is  custom  built  for  each  individual 
structure. 

In  a  similar  manner,  bridges  are  de- 
signed for  each  situation  on  the  high- 
way or  railroad  system.  The  spans, 
heights  required,  lanes  of  travel,  num- 
l)er  of  tracks,  and  manv  other  items, 
enter  into  the  selection  of  the  type  of 
bridge  to  be  used.  They  may  be  simple 
spans,  or  continuous  spans  of  girders 
or  trusses.  Trusses  may  be  deck  or 
throvigh.  Arches,  suspension  bridges, 
movable  spans,  and  countless  other 
forms,  are  possible.  The  largest  could 
be  considered  as  the  Golden  Gate 
Bridge  of  4200  feet  clear  span,  and  the 
lowliest  may  be  a  simple  beam  span 
over  a  creek.  Into  this  maze  of  types, 
the  engineer  tries  hard  to  weave  some 
consideration  of  beauty  of  structure 
by  careful  study  of  form  and  line;  per- 
haps of  the  handrail,  alone,  in  the 
case  of  the  simple  Ijcam  Ijridge. 

Who  makes  the  "pieces"  that  must 
fit  together  into  the  whole  building 
frame,  or  bridge?  The  steel  construc- 
tion industry,  consisting  of  about  250 
shops,  large  and  small,  competes  for 
the  opportunity  to  perform  the  work 
shown  on  the  drawings  by  the  engi- 
neers or  architects.  These  shops  have 
the  responsibility  of  seeing  that  the 
correct  material  is  ordered  from  the 
mill  and  fabricated  to  dimensions  such 
that  it  can  be  assembled  into  the  com- 
pleted structure  according  to  the  de- 
signer's conception.  Again,  one  of  the 
fine  characteristics  of  the  steel  frame 
becomes  apparent  in  that  it  can  be 
checked  for  size  and  shape  of  ma- 
terial, even  after  it  has  been  erected 
on  the  site. 

The  business  of  fabrication  is  also 
concerned  with  three  kinds  of  fasten- 
ing. The  parts  of  a  structure,  building. 
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or  bridge  are  attached  to  one  another 
by  riveting,  bolting,  or  welding,  or  by 
a  combination  of  these  methods.  Fol- 
lowing the  designer's  blue  prints,  the 
engineer  of  the  fabricator  has  the 
problem  of  designing  the  connections 
and  making  up  the  complete  details 
or  dimension  drawings  for  each  piece 
in  a  structural  frame.  From  these  de- 
tail or  shop  drawings  the  order  for 
the  steel  from  the  mill  is  compiled. 
To  properly  make  these  drawings,  it 
is  necessary  to  understand  shop  prac- 
tice, shop  standards,  tolerance  per- 
mitted in  steel  fabrication,  and  the 
specifications  under  which  the  ma- 
terial is  to  be  made,  as  well  as  neces- 
sary steps  in  erection  that  are  to  be 
followed.  Most  of  the  designers  have 
found  themselves  greatly  aided  by  the 
fact  that  as  young  engineers  they  had 
the  opportunity  to  learn  how  to  detail 
fabricated  structural  steel  in  connec- 
tion with  shop  practice. 

Riveting  can  be  done  with  cither 
hot  or  cold-driven  rivets.  The  holes 
are  punched  or  drilled  or  are  reamed 
to  a  given  size  from  a  punched  hole. 
Punched  holes  are  not  perfectly  cylin- 
drical and  may  show  the  sides  of  the 
holes  as  torn  metal.  On  more  important 
work  this  damaged  metal  is  reamed 
out.  Prior  to  driving  the  rivets  in  the 
holes,  the  work  is  partly  clamped  l)y 
means  of  bolts  so  that  good  alignments 
will  result.  Common  sizes  of  rivets  are 
three-fourths  and  seven-eighths  inch. 
Rivets  have  one  made  head  and  are 
entered  into  the  holes  and  upset  so 
that  a  head  results  on  the  other  end 
and  the  shank  fills  the  hole.  Heating 
the  rivet  to  a  temperature  of  1600°  to 
1900°  F.  before  driving  simply  makes 
it  easier  to  upset  the  metal  during  driv- 
ing. Rivets  have  been  used  for  many 
years  and  the  engineer  knows  how 
they  will  act.  They  inspire  confidence 
in  that  they  lend  themselves  to  visual 
inspection. 

Bolts  in  structural  steel  are  grow- 
ing in  popularity  because  only  two 
men  are  required  in  a  gang  compared 
with  four  men  in  riveting.  It  is  also 
easier  to  teach  proper  methods  of  bolt- 
ing than  riveting.  In  bolted  work,  the 
shear  and  bearing  values  have  been 
assumed  the  same  as  rivets  if  the  hole 
has  been  carefully  made  to  be  not  more 
than    1/50    in.    larger   than   the    bolt. 


Where  ordinary  unfinished  bolts  are 
used,  without  close  tolerance  as  to  size 
of  hole,  a  reduced  value  is  permitted. 
The  Metropolitan  Insurance  develop- 
ments in  Greater  New  York,  approxi- 
mating 100,000  tons,  are  so  bolted.  The 
more  modern  method  may  prove  to  be 
the  use  of  the  bolt  as  a  clamp  with  a 
known  tension,  thus  creating  a  fric- 
tion load  in  the  transfer  of  loads. 

Arc  welding  finds  almost  general  use 
in  the  fabricating  shop.  It  does  many 
odd  jobs.  In  addition,  for  a  modern 
design  where  much  duplication  can 
be  achieved,  there  may  be  consider- 
able economy.  Its  principal  disad- 
vantage lies  in  the  fact  that  something, 
such  as  a  jig,  must  be  used  to  hold  the 
piece  to  the  proper  physical  dimen- 
sions. Spot  welding  for  structural 
thicknesses  is  being  developed  for  use 
similar  to  arc  welding.  The  fabricating 
industry  is  progressive  and  will  find 
the  best  uses  for  all  of  these  types  of 
fastening. 

No  story  of  a  material  is  complete 
without  a  recitation  of  its  work  in  the 
recent  war.  The  greatest  need  de- 
veloped in  the  last  half  of  1940  was 
for  industrial  buildings,  and  more  in- 
dustrial buildings,  in  which  the  pro- 
duction of  war  goods  could  be  carried 
out.  Structural  steel  was  the  natural 
answer  because  of  the  fact  that  it  could 
])e  speedily  and  economically  l)uilt  and 
could  be  erected  anywhere  and  in  any 
weather.  After  two  strenuous  years  of 
this  class  of  work,  it  became  apparent 
that  here  was  sufficient  production 
area  in  jjuildings.  and  the  industry, 
with  its  normal  market  practically  cut 
off,  turned  to  other  fields.  After  much 
pressure  on  the  ship  yards  and  the 
Navy,  it  began  to  build  landing  craft, 
sections  of  corvettes,  and  4000-ton 
coastwise  freight  ships.  Large  segments 
of  ships  were  made  miles  away  from 
the  water  in  the  Central  West.  Shipped 
by  freight,  they  were  erected  into  full 
hulls  in  the  ship  yards  on  the  Great 
Lakes  and  the  rivers,  from  which  they 
moved  down  the  Mississippi  to  do  their 
part  in  the  great  war.  The  precision 
with  which  parts  of  ships  could  be 
built  by  this  steel  fabricating  industry 
contributed  in  a  large  measure  to  the 
speed  with  which  assembly  and  fitting 
yards  could  place  the  boats  in  service. 


In  structures  it  is  often  necessary 
to  protect  structural  steel  against  cer- 
tain destructive  agencies  by  coating  or 
surrounding  it  with  other  materials. 
Where  corrosive  conditions  arise,  it  is 
usually  protected  by  paints,  asphalts, 
coal  tar  products,  and  similar  coatings 
according  to  the  nature  of  the  cor- 
rosive agents.  Where  a  fire  resistive 
jjuilding  is  required,  the  structural 
steel  frame  can  be  clothed  in  various 
masonry  units,  or  coatings  of  plaster. 
Engineering  laboratory  tests  definite- 
Iv  establish  requirements  parallel  to 
the  hazards  involved.  These  protective 
problems  for  structural  steel  should  be 
looked  on  as  a  part  of  engineering 
design  as  much  as  the  selection  of  the 
size  of  member  to  be  used. 

Buildings  are  not  always  satisfactory 
to  new  occupants.  Steel  frames  lend 
themselves  to  easy  alteration.  Modern 
stores  are  kept  modern  by  installing 
new  escalators  which  require  large 
floor  alterations.  On  walking  through 
the  First  National  Bank  in  Chicago  on 
the  main  floor,  the  casual  observer  will 
think  from  the  column  lines  that  it 
is  a  single  building,  but  inquiry  would 
disclose  that  the  altered  steel  frames 
of  at  least  five  buildings  occur  between 
the  bank  floor  and  roof. 

Structural  steel  will  last  indefinitely. 
Tiie  Eads  Bridge  over  the  Mississippi 
River  at  St.  Louis,  completed  in  1874, 
after  seventy-two  years  of  service,  is 
still  a  modern  bridge.  When  its  floor 
system  and  sidewalks  have  been  al- 
tered, it  will  again  be  ready  for  modem 
traffic  for  an  indefinite  time.  The  ma- 
terial is  ageless. 

Steel  is  a  versatile  material.  You  are 
living  in  a  steel  age.  Everywhere  are 
tons  and  tons  of  steel  serving  man's 
needs  in  production,  and  in  housing 
his  endeavors  industrially,  commer- 
cially, religiously,  and  in  every  way. 
Even  the  lowly  one-story  house  can  be 
better  for  the  use  of  structural  steel. 
A  great  contribution  to  architectural 
stvle  is  the  skyscraper  which  gets  its 
line  from  the  horizontal  and  vertical 
members  of  the  steel  frame. 

When  a  piece  of  steel  has  outlived 
its  usefulness  in  one  form,  it  goes  back 
to  the  mill  as  scrap,  to  come  forth 
again  in  some  new  form  ready  to  serve. 
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THE  GRADUATE  SCHOOL 


By  W.  A.   LEWIS 


The  year  1947  marks  the  tenth  anni- 
versary of  the  formal  orjianization  of 
the  Graduate  School  of  Illinois  Insti- 
tute of  Technology  under  the  admin- 
istration of  a  dean.  Although  some 
graduate  work  was  offered  earlier,  it 
was  limited  in  extent,  and  complete 
programs  leading  to  advanced  degrees 
were  first  organized  and  offered  in 
1937.  This  article  describes  the  present 
development  of  the  Graduate  School 
and  reviews  briefly  its  history. 

Graduate  study  at  Illinois  Tech  has 
a  two-fold  purpose:  first,  the  advanced 
training  of  scientists  and  engineers  for 
industry ;  and  second,  the  development 
of  the  teaching  and  research  staff  of  the 
institution.  Under  present  competitive 
conditions  the  usual  four-year  tech- 
nical course  of  study  does  not  provide 
a  sufficient  training  for  solving  the 
complex  technical  proljlems  of  indus- 
try, especially  those  involved  in  re- 
search and  development.  Although  ex- 
perience in  industry  itself,  as  always,  is 
one  of  the  best  teachers,  industry  more 
and  more  is  recognizing  the  advantages 
of  further  formal  training  as  a  means 
of  utilizing  recent  developments  and 
of  improving  the  methods  of  attack  on 
complex  problems.  The  classroom  is 
generally  recognized  as  the  best  place 
for  acquiring  mastery  of  analytic  tools 
based  upon  mathematical  reasoning, 
and  the  laboratory  for  developing  ex- 
perimental techniques.  Many  of  the 
larger  industries  are  themselves  de- 
veloping training  jirograms  for  their 
younger  employees  which  include  in- 
tensive classroom  instruction.  In  order 
that  the  staff  shall  become  and  remain 
competent  to  conduct  graduate  courses 
and  advanced  undergraduate  courses 
it  is  essential  that  at  least  some  of  its 
members  conduct  research  of  high 
quality  and  maintain  active  contact 
with  industry  through  p^rt-time  con- 


sulting, summer  emplovment,  and  par- 
ticipation in  the  technical  activities  of 
the  scientific  and  engineering  societies. 
The  Graduate  School  serves  as  the 
means  of  promoting,  sponsoring,  and 
coordinating  these  activities. 

Graduate  courses  in  1947  will  be  of- 
fered in  the  following  fields:  Archi- 
tecture and  City  Planning,  Biology, 
Business  and  Economics,  Chemical 
Engineering,  Chemistry,  Civil  Engi- 
neering, Electrical  Engineering,  Fire 
Protection  and  Safety  Engineering. 
Industrial  Engineering,  Mathematics. 
Mechanical  Engineering,  Mechanics, 
Metallurgical  Engineering,  Physics, 
Political  and  Social  Science,  and  Psy- 
chology and  Education.  However,  the 
degree  of  Master  of  Science  is  avail- 
able only  in  the  fields  of :  Architecture, 
Biology,  Chemical  Engineering,  Chem- 
istry, City  Planning,  Civil  Engineering, 
Electrical  Engineering,  Mathematics, 
Mechanical  Engineering,  Mechanics, 
Metallurgical  Engineering,  and  Phys- 
ics. The  degree  of  Master  of  Science 
without  designation  may  be  conferred 
when  the  program  meets  the  general 
requirements,  but  not  the  specific  re- 
quirements of  one  of  the  designated 
degrees.  The  degree  of  Doctor  of 
Philosophy  is  offered  in  the  same  fields 
as  the  master's  degree  when  the  re- 
search equipment  and  the  interests 
and  qualifications  of  the  staff  are  well 
fitted  to  give  the  specialized  work  de- 
sired. Many  of  the  graduate  courses  are 
offered  in  the  evening  so  that  they  may 
be  available  not  only  to  graduate  stu- 
dents on  the  campus  but  also  to  other 
graduate  scientists  and  engineers  who 
are  employed  during  the  day.  To  pro- 
vide maximum  opportunities,  grad- 
uate students  who  have  adequate 
previous  records  may  pursue  their 
studies  on  a  full-time  or  part-time 
basis,  dav,  evening,  or  both. 


The  degree  of  Master  of  Science  re- 
quires in  general  one  full  year  of 
academic  work  beyond  the  bachelor's 
degree  in  the  corresponding  under- 
graduate field.  Students  whose  under- 
graduate work  has  been  pursued  in 
another  field  must  take  additional  un- 
dergraduate work  to  remedy  these 
deficiencies.  If  the  deficiency  in  under- 
graduate preparation  is  substantially 
less  than  two  semesters  of  advanced 
undergraduate  work,  the  student  who 
possesses  a  bachelor's  degree  in  a  re- 
lated field  may  be  permitted  to  register 
as  a  graduate  student  and  pursue  the 
required  undergraduate  courses  simul- 
taneously with  appropriate  parts  of 
the  graduate  program.  Of  course,  the 
total  time  required  to  obtain  the  ad- 
vanced degree  is  extended.  If  the  un- 
dergraduate work  required  amounts  to 
a  year  or  more  of  academic  work,  the 
student  must  register  as  an  under- 
graduate until  his  deficiencies  are  re- 
moved. 

For  the  degree  of  Doctor  of  Philos- 
ophy a  total  of  three  years  of  work  be- 
yond the  bachelor's  degree  is  required. 
The  master's  degree  is  a  desirable,  but 
not  necessarily  a  required,  step  in  the 
process  of  obtaining  the  doctor's  de- 
gree. Study  for  the  doctor's  degree 
must  be  concentrated  in  a  major  field 
and  in  two  minor  fields  of  interest  not 
too  closely  related  to  the  major  field. 

For  both  the  master's  and  doctor's 
degrees  a  research  project  is  required, 
which  is  selected  by  the  student,  and 
is  pursued  under  the  guidance  of  an 
adviser  or  advisory  committee.  For  the 
master's  degree  the  research  project 
represents  about  one-fourth  of  the 
year's  work  and  for  the  doctor's  de- 
gree approximately  one  of  the  three 
academic  years  involved.  The  report 
on  the  research  is  submitted  in  the 
form  of  a  thesis  which  must  be  ac- 
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cepted  before  the  degree  may  be 
awarded.  It  is  expected  that  the  thesis 
will  contain  material  which  is  readily 
publishable  and  for  the  doctor's  de- 
gree a  deposit  is  required  which  is  not 
refunded  unless  the  material  of  the 
thesis  is  published  in  satisfactory  form 
within  eighteen  months  after  the  de- 
gree is  conferred.  Usually  the  research 
work  is  performed  on  the  campus,  but 
in  special  cases  it  may  be  conducted 
elsewhere,  particularly  in  those  cases 
where  industry  or  some  special  lab- 
oratory offers  facilities  of  particular 
value  which  are  not  available  on  the 
campus.  However,  unless  the  work  is 
under  the  full  direction  of  a  faculty 
member,  the  credit  allowed  will  nor- 
mally be  reduced,  so  that  additional 
course  work  will  be  required  to  meet 
the  degree  requirements. 

The  detailed  rules  regarding  these 
requirements  as  well  as  the  transfer  of 
credits  from  other  institutions,  the 
inclusion  of  advanced  undergraduate 
work  as  part  of  the  graduate  program, 
requirements  for  admission,  and  sim- 
ilar questions  are  all  given  in  the  Bul- 
letin of  the  Graduate  School,  available 
to  anyone  interested  upon  request. 

Although  comprehensive  programs 
leading  to  advanced  degrees  as  the  cer- 
tificate of  successful  completion  are 
generally  desirable  in  technical  work, 
it  is  well  recognized  that  many  able 
students  do  not  have  the  need  for  or 
interests  in  a  complete  program,  or 
do  not  have  the  resources  to  permit 
spending  all  or  a  major  portion  of 
their  time  in  college  for  one  or  more 
additional  years.  At  the  same  time  ad- 
vanced training  in  particular  subjects 
is  of  direct  value  in  their  work.  Eve- 
ning graduate  courses  frequently  pro- 
vide the  desired  advanced  work  for 
this  group,  and  the  planning  of  the 
evening  graduate  program  is  done 
with  this  end  in  view,  -as  a  service  to 
the  surrounding  community.  Scholas- 
tic requirements  for  admission  to  par- 
ticular evening  courses  of  such  tech- 
nological value  may  be  somewhat 
lower  than  for  admission  to  a  program 
for  a  graduate  degree,  so  that  in  gen- 
eral all  those  able  to  profit  adequately 
from  the  advanced  training  may  be 
admitted.  Eligibility  is  determined 
from  the  scholastic  average  of  previous 
work  on  the  basis  that  an  A  grade  is 


counted  as  3,  B  as  2,  C  as  1,  D  or  E  as  0. 
The  minimum  weighted  average,  as 
computed  by  multiplying  the  semester 
hours  of  credit  in  each  course  by  the 
number  for  the  grade  received  and  di- 
viding by  the  total  semester  hours, 
must  be  at  least  1.5.  Some  deviations 
are  of  course  permitted  to  allow  for 
differences  in  grading  systems  at  vari- 
ous colleges  and  universities,  based 
upon  the  experience  with  graduates 
of  those  institutions.  On  the  same  basis 
formal  admission  to  the  graduate 
school,  to  pursue  a  program  leading 
to  an  advanced  degree,  requires  a  min- 
imum scholastic  average  of  2.0,  or  in 
general  a  B  average. 

Students  who  are  able  to  take  addi- 
tional scholastic  work  only  in  the  eve- 
ning may  arrange  a  graduate  program 
so  that  a  master's  degree  may  be  ob- 
tained based  entirely  on  evening  (or 
in  some  cases  Saturday)  classes.  This 
requires  a  minimum  time  of  three 
years  but  the  usual  time  for  such  a 
program  is  four  or  five  years.  In  the 
same  way  part  of  the  work  for  a  doc- 
tor's degree  may  be  completed,  but  at 
least  part  of  the  program  must  ])e 
taken  in  a  more  concentrated  sched- 
ule in  a  day  program. 

The  location  of  the  Institute  within 
easy  travel  distance  of  the  center  of 
Chicago  makes  the  facilities  of  the 
Graduate  School  available,  either  day 
or  evening,  to  a  majority  of  the  pos- 
sible graduate  students.  However, 
there  are  many  who  because  of  the 
travel  distance,  irregular  hours  of 
work,  or  other  causes  find  it  impossible 
to  attend.  To  help  in  the  advanced 
training  of  such  students,  the  Institute 
undertakes  to  provide  extension 
courses  in  remote  centers  when  suit- 
able arrangements  can  be  completed. 
Usually  these  courses  are  conducted  in 
the  plant  of  an  individual  company, 
and  the  subjects  offered  are  selected 
to  meet  the  needs  of  the  particular 
student  group.  In  the  Graduate  Train- 
ing Program  of  the  Allis-Chalmers 
Manufacturing  Company  in  West  Allis, 
Wisconsin,  the  Graduate  School  offers 
a  program  of  studies  which  leads  to 
a  master's  degree  in  either  electrical 
or  mechanical  engineering,  based  upon 
evening  study  and  a  thesis,  usually  de- 
veloped from  work  conducted  in  the 
plant  or  laboratories  of  the  company 


but  representing  a  special  concentra- 
tion of  effort  on  the  part  of  the  student. 
The  courses  offered  are  essentially  the 
same  as  the  corresponding  courses 
given  on  the  campus,  and  so  far  as 
possible  the  same  instructors  are  used, 
the  instructors  traveling  weekly  from 
Chicago  to  West  Allis.  A  series  of 
courses  in  applied  mathematics  is 
being  conducted  in  Peoria  for  the  re- 
search engineers  of  the  Caterpillar 
Tractor  Company  and  a  course  in 
mathematics  and  in  radio  is  being  con- 
ducted at  the  plant  of  the  Belmont 
Radio  Company.  Cooperation  in  grad- 
uate instruction  with  the  Carnegie- 
Illinois  Steel  Corporation  results  in 
the  granting  of  limited  graduate  credit 
for  approved  special  graduate  courses 
in  metallurgical  engineering  given  in 
the  South  Works  of  the  company.  A 
similar  arrangement  is  in  operation 
with  the  Commonwealth  Edison  Com- 
pany for  certain  electrical  courses,  and 
other  extension  programs  are  being 
developed.  Although  the  students  in 
these  programs  do  not  have  direct  ac- 
cess to  the  laboratories  and  library  of 
the  Institute,  the  facilities  provided 
by  the  companies  have  been  found 
adequate,  and  the  opportunity  to  ap- 
ply the  advanced  training  immediately 
and  directly  to  industrial  problems 
often  results  in  an  educational  experi- 
ence which  is  superior  to  that  possible 
in  full-time  college  attendance. 

Developing  and  maintaining  a  staff 
capable  of  providing  adequate  instruc- 
tion in  graduate  courses  requires  the 
encouragement  of  research  and  investi- 
gation by  staff  members.  The  spirit  of 
inquiry  and  the  desire  for  new  knowl- 
edge are  best  inculcated  in  students 
by  the  example  of  their  teachers  and 
the  inspiration  of  leaders  in  the  field. 
Scientific  research  may  take  many 
forms  and  the  equipment  required 
may  vary  from  an  elaborate  laboratory 
costing  millions  of  dollars  to  the  pencil 
and  paper  of  the  mathematician  or 
analyst.  In  every  case,  however,  moti- 
vation is  provided  by  a  desire  to  find 
answers  to  unanswered  questions,  be 
they  large  or  small.  The  most  elaborate 
and  expensive  laboratory  is  useless  if 
not  manned  by  people  capable  of  using 
it  wisely,  and  many  of  the  greatest 
discoveries   have   come  from  meagre 

See  GRADUATE  SCHOOL  on  page  40 
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Lightning  Protection  In  Review 


Research  Method  Yields  Dividends  in  Power  System  Reliability 


By  E.   R.  WHITEHEAD 


To  operating  and  maintenance  engi- 
neers of  electric  power  systems,  April 
showers  bring  more  than  the  promise 
of  May  flowers,  for  they  also  mark  the 
beginning  of  the  so-called  '•lightning 
season".  It  is  noteworthy,  however, 
that  in  most  states  there  is  no  month 
entirely  free  from  thunderstorms. 

The  general  problem  of  protecting 
electric  power  systems  from  equip- 
ment damage  and  service  interruptions 
caused  by  lightning  has  many  interest- 
ing aspects.  It  is  the  purpose  of  this 
article  to  present  a  brief  review  of  the 
work  leading  to  the  establishment  of 
basic  principles  pertaining  to  this 
problem,  to  indicate  how  these  may  be 
applied  to  certain  illustrative  situa- 
tions, and  to  point  out  some  of  the 
phases  in  which  there  appear  to  be 
opportunities  for  effective  work  on  the 
part  of  graduate  students  interested 
in  this  field. 

LIGHTNING  AN  EARLY  PROBLEM 

About  1880,  small  isolated  power 
plants  marked  the  beginning  of  the 
great  industry  which  can  be  justly 
proud  of  its  record  of  "enough  and  on 
time"  during  the  late  war.  In  those 
days,  operators  were  plagued  with  in- 
sulation breakdown  resulting  from 
"static"  during  thunderstorms,  and  it 
was  not  uncommon  for  them  to  shut 
down  the  generators  and  connect  the 


overhead  lines  to  earth  for  the  dura- 
tion of  a  thunderstorm.  Today  we 
know  that  the  transient  voltages  ap- 
pearing on  power  lines  as  a  result  of 
lightning  discharges  are  far  from 
"static";  indeed,  the  major  problems 
requiring  solution  are  the  result  of 
the  heavy  transient  currents  which  ac- 
company such  disturbances.  Looking 
backward,  one  can  almost  draw  the 
conclusion  that  success  in  lightning 
protection  has  been  achieved  in  vir- 
tually direct  ratio  to  our  knowledge 
of  the  lightning  current  which  may 
appear  in  various  parts  of  the  system. 
Broadly  speaking,  lightning  has 
been  defined  by  the  A.I.E.E.  as  an  elec- 
tric discharge  in  the  atmosphere,  one 
terminal  of  which  is  a  cloud.  Such 
a  discharge  may  give  rise  to  transient 
voltages  on  electric  power  lines  in  two 
principal  ways.  When  a  lightning 
stroke  occurs  between  oppositely 
charged  regions  of  a  thundercloud  or 
between  cloud  and  earth  without  com- 
ing in  contact  with  any  portion  of  the 
power  system,  the  rapid  changes  in  the 
electric  field  can  result  in  impulse 
voltages  which  are  commonly  known 
as  "induced  surges".  The  stroke  may, 
however,  strike  some  point  of  an  elec- 
trical circuit  directly,  so  tliat  all  the 
current  involved  must  find  its  way  to 
earth  through  one  or  more  elements 
of  the  electrical  system.  Such  cases 
are  known  as  "direct  strokes". 


Prior  to  about  1928,  it  was  generally 
thought  that  the  lightning  stroke  cur- 
rent was  of  the  order  of  several  hun- 
dred thousand  amperes  and  that  the 
time  of  discharge  was  of  the  order  of 
five  to  twenty  microseconds.  If  directly 
intercepted  by  a  conductor  of  the  sys- 
tem, such  currents  could  not  be  passed 
to  earth  without  damage  somewhere. 
On  the  other  hand,  experience  had 
shown  that  early  lightning  protective 
methods  did  reduce  equipment  fail- 
ures and  service  interruptions,  and  the 
conviction  naturally  grew  that  "in- 
duced surges"  were  responsible  for  the 
greater  proportion  of  system  flashovers 
and  equipment  failures,  and  that  ef- 
fective protective  methods  could  be 
devised  for  such  surges. 

RESEARCH    PROGRAMS 

Between  1918  and  1930,  the  con- 
tinued growth  of  power  systems  re-  | 
suited  in  the  need  for  higher  trans-  1 
mission  voltages  together  with  more 
system  inter-connections,  and  the  large 
blocks  of  power  involved  justified  rea- 
sonable efforts  to  provide  the  utmost 
in  service  reliability.  Accordingly,  the 
problem  of  lightning  protection  in  all 
its  phases  took  on  new  importance, 
and  both  field  and  laboratory  research 
received  increasing  attention.  Impulse 
generators  were  devised  to  produce 
"artificial  lightning",  and  the  cathode  " 
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ray  or  electronic  oscillograph  was  de- 
veloped to  record  such  transients  ac- 
curately. 

In  1927  "artificial  lightning"  was 
impressed  on  a  22,000-volt  subtrans- 
mission  line  of  the  Duquesne  Light 
Company  in  Pittsburgh,  Pennsylvania. 
These  tests  were  limited  in  scope  and 
in  voltage,  but  they  served  to  verify 
certain  theoretical  relationships  and 
showed  the  need  for  the  greatly  en- 
larged field  test  programs  which  fol- 
lowed from  1928  to  1932.  Field  re- 
search in  this  period  was  pointed  to- 


ward the  dual  objective  of  determining 
the  properties  of  traveling  waves  on 
transmission  systems  using  "artificial 
lightning"  produced  by  portable  surge 
generators,  and  of  measuring  the  ac- 
tual voltages  produced  on  such  lines 
by  natural  lightning.  Laboratories 
were  set  up  in  Michigan,  New  Jersey, 
Tennessee,  Illinois,  Pennsylvania  and 
Arkansas. 

DIRECT  STROKES  MOST  IMPORTANT 
ON  HIGH  VOLTAGE  LINES 

Because    of    their    economic    im- 


"Near  miss"  by  a  lightning  stroke  causes  no  tripout  on  132  kv  and  220  kv  transmission  lines. 

(Photo  by  courtesy  of  Westinghouse  Electric  Corporation) 


portance,  most  of  the  work  outlined 
above  was  done  on  high  voltage  lines; 
that  is,  66  kv  to  220  kv,  and  one  of  the 
important  points  in  question  was 
whether  "induced  surges"  or  "direct 
strokes"  were  responsible  for  tripouts 
on  such  lines.  Research  engineers  soon 
reported  seeing  many  strokes  to  earth 
near  the  lines  to  which  their  oscillo- 
graphs were  connected  without  the 
initiation  of  voltages  of  sufficient  mag- 
nitude to  result  in  line  flashover,  and 
in  many  cases  these  induced  surges 
were  only  a  small  fraction  of  the  flash- 
over  levels. 

Figure  1  shows  a  photograph  ob- 
tained by  the  author  during  one  such 
investigation  in  which  the  stroke  to 
earth  was  located  approximately  250 
feet  from  the  transmission  line  without 
resulting  in  sufficient  induced  voltage 
to  initiate  the  operation  of  the  elec- 
tronic oscillograph.  Consideration  of 
these  and  related  data  led  to  the  con- 
clusion that  "direct  strokes"  were 
largelv  responsible  for  lightning  trip- 
outs on  high  voltage  lines.  Bv  tlie  time 
this  conclusion  had  gained  general  ac- 
ceptance and  the  emphasis  shifted  to 
the  new  problem  of  securing  data  on 
the  nature  of  lightning  current,  the 
full  force  of  the  depression  was  felt. 
Nevertheless,  the  indispensable  work 
of  Lewis  and  Foust,  Waldorf,  Mc- 
Eachron  and  McCann  was  carried  out, 
and  today  we  know  much  about  light- 
ning current.  Taken  together  with  the 
work  of  B.  F.  J.  Schonland  in  South 
Africa,  one  can  obtain  a  good  picture 
of  the  mechanism  of  the  lightning 
stroke  itself  from  these  researches. 

This  Ijrief  historical  outline  is  in- 
tended merely  to  point  out  the  back- 
ground with  which  protection  engi- 
neers are  familiar  and  which  the  power 
transmission  student  will  do  well  to 
assimilate. 

FUNDAMENTAL   PRINCIPLES 

Volumes  have  been  written  on  the 
results  of  field  and  laboratory  studies 
of  lightning  phenomena  and  space 
does  not  permit  an  attempt  at  a  sum- 
marv.  We  may,  however,  state  certain 
general  principles  which  have 
emerged.  In  the  course  of  the  field 
studies,  it  became  evident  at  an  earlv 
date  that  practical  and  reasonable  de- 
signs of  electric  power  equipment  and 
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circuits  could  not  be  made  to  with- 
stand the  unrestricted  transient  voh- 
ages  which  might  be  imposed  upon  a 
transmission  system  by  lightning.  Thus 
the  basic  problem  may  be  separated 
into  two  equally  important  compo- 
nents, the  first  having  to  do  with  the 
determination  of  the  impulse  break- 
down voltages  of  all  classes  of  electric 
power  insulation,  and  the  second  the 
investigation  of  means  by  which  light- 
ning voltages  could  be  limited.  Actu- 
ally, each  of  these  components  has 
many  special  problems,  and  in  the  case 
of  transformers  and  rotating  machines, 
studies  of  voltage  distribution  and  pro- 
pagation within  windings  are  espe- 
cially important.  Finally,  we  add  the 
important  requirement  that  the  means 
of  limiting  the  abnormal  voltage 
should  not  of  itself  introduce  an  ad- 
ditional hazard  to  service  continuity. 
Under  certain  conditions  it  may  be 
permissible  to  waive  this  last  require- 
ment. Our  basic  principles  then  are : 

1.  It  is  impractical  to  provide  suffici- 
ent insulation  to  withstand  unre- 
stricted abnormal  voltages  which  may 
be  impressed  on  transmission  systems 
by  lightning. 

2.  Means  must  be  devised  to  limit 
the  abnormal  transient  voltage  with- 
out introducing  additional  hazards  to 
service  continuity. 

3.  Impulse  breakdown  voltage  val- 
ues must  be  established  for  all  insula- 
tion elements  employed  in  the  con- 
struction of  electric  power  equipment. 

4.  All  parts  of  the  system  must  be  de- 
signed so  that  the  levels  obtainable 
from  (3)  are  substantially  greater  than 
those  of  (2). 

The  extent  of  the  margins  called  for 
in  (4)  is  largely  a  matter  of  economics 
and  the  desired  degree  of  freedom 
from  residual  lightning  failures  or 
service  interruptions,  and  much  effort 
has  been  expended  to  standardize 
these  matters  with  respect  to  appara- 
tus design. 

PROTECTION  METHODS 

It  is  not  possible  to  discuss  here  the 
many  improvements  in  lightning  pro- 
tection which  have  resulted  from  the 
application  of  these  principles,  but 
some  illustrative  examples  may  be  of 
interest. 


As  we  have  seen,  lightning  usually 
causes  abnormal  transient  voltages  and 
currents  either  by  induction  or  by  di- 
rect contact  with  overhead  wires.  In 
either  case  these  abnormal  voltages 
and  currents  may  be  greatly  reduced 
or  virtually  eliminated  by  the  proper 
use  of  additional  multi-grounded  wires 
so  disposed  as  to  intercept  direct 
strokes  and  to  possess  maximum  elec- 
tromagnetic coupling  with  them.  With 
present  knowledge  of  the  proper 
physical  arrangement  of  such  wires, 
they  may  be  carried  over  important 
generating  and  substations  so  that  the 
probability  of  lightning  damage  is  re- 
duced to  a  very  low  value.  Even  under 
these  conditions,  however,  it  is  still 
possible  for  expensive  and  important 
station  equipment  to  fail,  and  fre- 
quently excellent  overhead  ground 
wire  protection  is  supplemented  by 
lightning  arresters  located  adjacent  to 
or  perhaps  mounted  directly  upon 
major  station  apparatus. 

Often  there  is  room  for  ingenuity 
and  economy  even  where  the  utmost 
in  reliability  is  desired.  To  illustrate 
the  application  of  the  general  method 
given  above,  an  actual  design  will  lie 
cited.  A  steel  company  load  of  approxi- 
mately 30,000  kw  was  supplied  from  a 
nine-mile  radial  line  at  66  kv.  The  line 
was  designed  to  average  about  one  trip- 
out  every  2.5  years,  using  good  ground 
wire  protection  carried  over  the  termi- 
nal stations.  As  the  probability  of  a 
stroke  reaching  the  power  conductor 
was  extremely  small,  only  light-duty 
lightning  arresters  were  mounted  on 
the  transformers  at  a  considerable  sav- 
ing in  material  and  structure  cost.  Fi- 
nally, in  order  to  prevent  transformer 
or  arrester  failure  even  if  a  stroke 
should  manage  to  reach  a  power  con- 
ductor of  the  line,  inexpensive  "back- 
up" gaps  were  so  located  that  the  sum 
of  the  lightning  arrester  and  inductive 
potential  drops  would  result  in  gap 
flashover.  In  six  years  of  operation, 
there  have  been  no  interruptions  of 
service  caused  by  lightning  although 
the  line  is  exposed  throughout  its 
length  and  as  many  as  thirty  lightning 
arrester  operations  in  one  year  have 
resulted  from  the  reflection  of  small 
induced  surges  at  the  terminal  station. 
In  this  example,  the  primary  means 


of  voltage  limitation  consists  in  the 
properly  located  and  well-earthed 
shielding  or  ground  wire.  The  coordi- 
nated use  of  lightning  arresters  and  a 
back-up  protective  gap  of  special  de- 
sign contributes  the  necessary  ele- 
ments to  provide  an  extraordinary  de- 
gree of  freedom  from  interruption  of 
service  and  damage  to  equipment  re- 
sulting from  lightning. 

Subtransmission  systems  utilizing 
wood  pole  overhead  lines  have  been 
extensively  built  without  overhead 
ground  wires  for  reasons  of  economy. 
Frequently,  however,  their  high  in- 
sulation levels  make  it  possible  for 
severe  surges  to  be  transmitted  into 
substations.  On  one  such  system,  early 
designs  of  lightning  arresters  had  been 
widely  applied,  but  station  equipment 
failures  were  still  numerous.  Power 
company  research  engineers  set  to 
work  to  determine  the  insulating  char- 
acteristics of  station  equipment  and 
the  voltage-limiting  abilities  of  both 
old  and  new  types  of  lightning  arrester 
through  exhaustive  laboratory  tests 
lasting  many  months.  It  was  found  that 
it  was  not  only  essential  to  raise  insula- 
tion levels  in  many  cases,  but  also  that 
it  was  imperative  to  discard  the  old 
arresters  and  install  hundreds  of  mod- 
ern units  which  could  hold  the  lighting 
voltages  to  safe  values  while  passing 
several  times  the  lightning  current  per- 
mitted by  the  obsolete  arresters.  In- 
sulation levels  were  pushed  up,  volt- 
ages allowed  were  pushed  down.  Re- 
sults— an  eighty-five  per  cent  reduc- 
tion in  substation  equipment  failures 
from  this  cause. 

Frequently  power  system  engineers 
are  confronted  with  the  problem  of 
deciding  whether  new  transmission 
lines  must  be  added  to  accommodate 
increased  generating  capacity  or 
whether  existing  lines  can  be  rein- 
forced for  this  purpose.  In  one  such 
case,  a  double  circuit  66  kv  steel  tower 
line  was  found  adequate  with  respect 
to  current  carrying  capacity,  but  a 
limitation  was  placed  on  system  out- 
put because  of  interruptions  caused  by 
lightning.  Since  the  cost  of  a  duplicate 
line  and  terminal  equipment  exceeded 
one  million  dollars,  it  was  decided  to' 
investigate  how  the  line  might  be  im- 
proved to  provide  a  high  degree  of 
See  LIGHTNING  on  page  30 
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The  Engineering  Library- 
Storehouse  Or  Laboratory? 

By  WILLIAM  H.  HYDE 


Engineering  libraries  may  be  of 
various  types  but  all  are  primarily 
departmental  in  that  they  serve  a  high- 
ly specialized  field  of  interest.  There 
are  independent  technological  insti- 
tutions supported  by  private,  state,  or 
federal  funds,  separate  colleges  at- 
tached to  large  universities,  depart- 
ments of  pul)lic  libraries  and  also  pri- 
vate corporations  and  businesses  all 
of  which  maintain  libraries  of  this 
specialized  character.  These  libraries 
offer  a  tremendous  range  in  size  and 
purpose,  from  such  as  John  Crerar  in 
Chicago,  Massachusetts  Institute  of 
Technology  in  Cambridge  and  the  En- 
gineering Societies'  Library  in  New 
York  whose  collections  contain  hun- 
dreds of  thousand  of  volumes  and  are 
administered  by  large,  well-trained 
professional  staffs,  to  collections  of  a 
few  handbooks,  texts  and  current 
issues  of  professional  publications  for 
quick  reference  use  in  the  office  of  a 
practicing  engineer  or  professor  and 
cared  for  by  a  secretary.  The  library 
of  the  Illinois  Institute  of  Technology 
contains  about  110,000  volumes  of 
books  and  periodicals,  covering  the 
fields  of  study  offered  by  the  Institute 
but  strongest  in  engineering  and  sci- 
ence. 

Engineering  differs  in  no  way  from 
other  professions  in  depending  upon 
the  printed  word  for  most  of  its  learn- 
ing, and  engineers,  like  scholars  gen- 
erally, turn  to  libraries  in  order  to  ex- 
tend their  knowledge  beyond  their  im- 
mediate experience.  This  is  true  in  all 
the  functions  of  engineering  as  well 
as  in  the  branches  and  it  is  the  pur- 
pose of  the  library  to  provide  immedi- 
ate access  to  published  material  with 
little  delay  and  at  a  moderate  cost. 


The  salient  role  of  the  engineering 
library  is  not  only  to  prevent  duplica- 
tion of  effort  and  to  avoid  waste  of 
time,  money  and  energy  on  the  part  of 
those  engaged  in  original  investiga- 
tions in  technology  but  also  to  furnish 
the  material  needed  by  those  prac- 
ticing the  functions  of  any  of  the 
branches  of  engineering.  This  informa- 
tion includes  not  only  the  background 
literature  and  the  basic  underlying 
principles  but,  fully  as  important,  the 
latest  developments  as  well.  Adequate 
use  of  library  facilities  would  do  much 
to  overcome  two  serious  errors  fre- 
quently made  bv  scientists  and  tech- 
nologists— duplication  of  work  alreadv 
described  completely  and  the  failure 
to  appreciate  investigations  decri])ed 
almost  verbatim  in  the  literature.  Too 
often  there  has  been  failure  to  uncover 
many  investigations  published  in  rath- 
er obscure  form  because  of  incomplete 
or  inadequate  searching  of  the  litera- 
ture. The  library  also  furnishes  the 
means  of  locating  the  information  if  it 
is  to  be  found  in  print  elsewhere  than 
in  the  immediate  collection  being 
used. 

Little  attention  has  been  given  to 
the  library  needs  of  the  engineer  in 
the  past,  and  provision  for  engineers 
in  even  the  largest  universities  and 
public  libraries  has  been  below  the 
level  maintained  for  other  depart- 
ments. In  fact,  the  development  of  en- 
gineering libraries  as  such  has  been  a 
phenomenon  almost  entirely  of  the 
twentieth  century.  However,  as  engi- 
neering has  become  more  of  a  science 
and  less  of  an  art,  its  literature  has 
also  become  more  important.  Indeed 
scientific  literature  today  has  atttained 
tremendous  proportions   and  its  vol- 


ume increases  at  a  much  faster  rate 
than  that  at  which  it  can  be  readily 
digested  and  efficiently  utilized.  This 
has  resulted  in  a  recognition  of  the  fact 
that  only  through  libraries  can  the 
adequate  record  of  engineering  prog- 
ress be  kept  and  engineers  keep  in 
complete  touch  with  professional  de- 
velopments. Since  the  proper  use  of  a 
technical  library  presupposes  a  knowl- 
edge of  its  facilities,  familiarity  with 
library  research  procedures,  and  an 
appreciation  of  the  scope  and  char- 
acter of  the  literature  of  each  subject 
field,  it  is  unfortunate  that  the  average 
users  of  library  facilities  has  little  con- 
ception of  how  to  use  the  liljrary  aids 
which  are  at  his  disposal  when  left  to 
his  o^vn  resources. 

The  teaching  function  of  the  li- 
ljrary, which  is  now  becoming  more 
generally  recognized,  has  on  the  whole 
been  badly  neglected  in  the  past.  Few 
engineering  libraries  offer  more  than 
a  general  lecture  on  the  use  of  the 
library  to  the  entering  freshmen  and 
still  fewer  librarians  have  been  able 
to  gain  the  support  of  their  admin- 
istrators to  conduct  even  one  course  in 
teaching  the  use  of  the  library  and 
its  resources,  although  the  difficulty  in 
using  the  highly  specialized  material 
may  be  acknowledged.  It  would  be 
more  effective  if  engineering  school 
libraries  were  administered  for  active 
co-operation  in  the  educational  pro- 
gram they  serve  and  had  a  definite 
place  in  the  engineering  curriculum, 
integrated  with  previous  library  in- 
struction. Pressure  from  business  con- 
cerns, aware  of  the  graduates'  inability 
to  collect  and  locate  wanted  informa- 
tion for  reports  and  investigations,  is 

See  LIBRARY  on  page  34 
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Recent  Developments  in  Magnetic  Recording  for  Motion  Picture  Film 

By    MARVIN    CAMRAS 


There  are  three  fundamentally  dif- 
ferent sound  recording  methods  that 
can  be  used  with  motion  pictures.  A 
mechanically  cut  or  emliossed  record- 
ing was  originally  the  most  highly  de- 
veloped method.  The  "first"'  talkies 
used  a  phonograph  disc  which  was 
synchronized  with  the  picture.  Many 
of  us  can  probably  still  remember  the 
synchronization  trouble  that  some- 
times occured. 

Because  of  such  faults,  and  for  other 
reasons,  the  optical  sound  track  meth- 
od was  developed  and  adopted.  In  this 
method  the  optical  track  is  an  integral 
part  of  the  film.  In  the  projector  the 
track  runs  l)etween  a  light  source  and 
photo-electric  cell,  and  thus  it  modu- 
lates the  light  passing  through  the 
photograph  in  accordance  with  re- 
corded waves.  The  optical  sound  track 
is  so  satisfactory  for  most  sound-on- 
film  work,  and  particularly  for  com- 
mercial motion  pictures,  that  it  is  now 
used  almost  exclusively.  However,  in 
addition  to  requiring  separate  process- 
ing and  printing,  it  is  complicated, 
delicate,  and  expensive — far  too  nluch 
so  for  the  amateur  or  individual  who 
would  like  to  "roll  his  own." 

The  third  method,  and  the  one  we 
are  going  to  discuss,  has  some  unusual 
advantages  over  the  conventional  sys- 
tems. This  method,  namely,  magnetic 
recording,  is  an  entirely  new  system 
based  on  the  ])rinciples  employed  in 
the  magnetic  wire  recorder  as  de- 
veloped in  our  laboratories.  For  those 
who  might  not  be  too  familiar  with 
magnetic  recording,  we  might  briefly 
review  the  l)asic  principles  of  magnetic 
recording  on  wire,  and  then  seee  how 
these  have  been  applied  to  magnetic 
recording  for  motion  picture  film. 

Let  us  start  with  the  l)i-polar  type 
of  magnet,  which  may  take  the  form 
of  a  straight  bar  as  in  a  compass  needle, 
or  a  horseshoe  magnet  as  in  a  magneto. 
These    magnets   have    two    poles  —  a 


north  and  a  south.  An  invisible  mag- 
netic field  surrounds  these  two  poles. 

A  long  bar  of  good  magnetic  ma- 
terial can  be  magnetized  so  as  to  have 
three  poles,  or  for  that  matter,  any 
numljcr  of  poles.  One  way  of  produc- 
ing a  multi-polar  magnet  is  to  touch 
successive  points  on  the  bar  to  an 
ordinary  horseshoe  magnet.  A  multi- 
polar magnet  of  this  kind  is  basically 
a  magnetic  record. 

If  we  substitute  an  electro-magnet 
for  the  horseshoe  permanent  magnet 
and  a  strand  of  wire  for  the  bar,  every 
time  current  is  sent  through  the  wind- 
ing the  electro-magnet  is  energized, 
and  poles  will  appear  on  the  wire. 
Each  time  the  wire  moves  a  new  suc- 
cession of  poles  is  recorded.  In  this 
manner  we  can  record  telegraph  sig- 
nals on  the  moving  wire  merelv  bv 
operating  a  key. 

Now.  in  order  to  record  sound,  we 
energize  the  recording  magnet  with  a 
microphone.  The  variations  in  mag- 
netic field  will  not  be  sudden  and  dis- 
continuous as  with  the  telegraph  key, 
])ut  will  vary  smoothly  and  continuous- 
ly according  to  the  sound  pressure  in 
the  microphone. 

Having  made  our  magnetic  record 
on  a  steel  wire,  we  may  wind  it  up  and 
store  it  on  a  spool.  On  the  plavback. 
the  wire  touches  the  pole-pieces  of  an 
electro-magnetic  pickup,  which  may 
he  identical  in  construction  with  the 
recording  magnet.  As  the  wire  moves 
across  the  pickup,  the  tiny  poles  of  the 
magnetic  record  induce  a  voltage  in 
the  winding.  This  voltage  in  turn  is 
amplified  and  translated  into  sound  by 
a  speaker.  The  magnetic  poles  are  not 
"used  up"  when  the  wire  is  played 
l)ack.  The  magnetism  is  truly  per- 
manent, and  the  record  may  be  played 
thousands  of  times. 

The  wire  may  be  cleared  by  passing 
it  through  a  high-frequency  erase  coil. 
The  old  record  is  erased,  and  the  wire 


is  now  ready  for  a  new  one.  Thus  the 
wire  may  be  used  over  and  over  again. 

Instead  of  a  round  wire,  the  record 
may  be  modified  to  take  the  form  of 
a  flat  tape  or  ribbon.  This  ribbon  may 
be  of  solid  material,  or  it  may  take 
the  form  of  a  metallized  coating  on  a 
paper  or  plastic  base. 

In  order  to  successfully  apply  a  mag- 
netic track  to  motion  picture  film,  a 
superior  magnetic  material  must  be 
used  because  of  the  low  speeds  and 
narrow  track. 

Recently  a  special  high  coercive 
magnetic  material  has  been  developed, 
which  can  be  bonded  into  the  film 
stock.  Measurements  of  magnetic  prop- 
erties indicate  that  a  coercive  force  of 
350  oersteds  and  a  remanance  of  500 
gauss  or  more  can  be  obtained  in  the 
finished  product.  These  characteristics 
are  obtainable  with  magnetizing  fields 
of  1000  or  below;  thus  the  record  can 
])e  erased  quite  readily.  A  number  of 
other  high  coercive  alloys  were  tried 
and  found  to  be  very  difficult  to  erase. 
This  new  material  has  a  fine  grain  size 
of  a  micron  or  less.  It  is  not  affected  by 
photographic  solutions,  so  that  mag- 
netic sound  can  be  recorded  simul- 
taneously with  the  picture,  or  can  be 
put  on  afterwards. 


STANDARD    16    MM    FILM    WITH     SINGLE 
MAGNETIC    TRACK 
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Magnetic  head  mounted  on  Eastman  Model  FS-IO-N  projector. 


Magnetic  tracks  can  be  incorporated 
into  the  film  in  a  number  of  ways.  We 
have  produced  a  film  which  has  a  mag- 
netic track  .045  inch  wide  and  .0005 
inch  thick  coated  on  the  back  of 
ordinary  sixteen  millimeter  film, 
which  would  travel  through  the  pro- 
jector at  the  standard  sound  speed  of 
thirty-six  feet  per  minute. 

Although  the  coating  makes  the  film 
thicker  on  one  edge  than  the  other, 
we  have  experienced  no  difficulty  in 
reeling.  To  insure  symmetry  we  could 
coat  the  other  edge  with  an  equal 
thickness  of  "blank"  material,  or  we 
could  put  an  additional  track  on  that 
edge.  The  extra  track  could  be  used  for 
a  binaural  system,  or  for  special  sound 
effects.  It  might  also  be  used  for  con- 
trol purposes,  or  for  recording  remarks 
or  memos  while  editing  the  film.  Per- 
haps the  original  recording  might  be 
made  on  one  track  and  left  intact, 
while  the  other  track  would  be  the 
final  one,  complete  with  background 


music,  narrative,  sound  effect,  etc.  The 
amateur  might  of  course  have  one 
sound  track  which  he  used  for  "public" 
demonstration,  and  another  one  with 
choice  remarks  for  private  showing. 

Instead  of  placing  a  track  on  the  out- 
side of  the  film,  we  can  use  16-mm 
sound  film  and  locate  the  track  on  the 
unsprocketed  side.  This  allows  a  wider 
track  and  gives  increased  fidelity. 
There  is  nothing  to  prevent  adding  a 
second  track  to  this  type  of  film  also. 

The  magnetic  head  used  with  our 
present  system  is  spring-pressed 
against  the  film  while  it  rides  on  the 
flywheel  stabilizer.  Such  a  head  can 
be  added  to  conventional  projectors 
with  a  minimum  of  trouble.  The 
steadiness  of  the  recorded  signal  will 
of  course  depend  on  the  quality  of  the 
mechanical  system,  and  a  projector 
should  be  chosen  with  a  sufficiently 
good  drive  for  the  purpose.  By  putting 
,sound  on  after  the  film  is  processed, 
we  can  eliminate  the  flutter  and  wow 


that  are  caused  by  shrinkage,  warping, 
or  printing-errors. 

If  the  mass  of  the  head  is  kept  small, 
the  spring  pressure  necessary  to  insure 
good  contact  is  very  light.  Calculations 
for  a  typical  case  indicate  that  a  force 
of  only  1/1000  of  an  ounce  is  required. 
Because  such  low  pressures  are  neces- 
sary, and  because  of  the  relatively 
large  area  of  head  contact  with  the 
film,  wear  problems  are  minimized. 

The  magnetic  head  mounted  on  an 
Eastman  model  FS-IO-N  projector  is 
shown.  By  switching  circuits  the  same 
head  can  be  used  for  erasing,  record- 
ing, or  playback.  The  optical  sound 
system  need  not  be  disturbed.  In  fact 
we  have  played  the  optical  soimd  track 
on  the  right  hand  edge  of  a  16-mm  re- 
lease, and  simultaneously  recorded  the 
sound  magnetically  on  the  left-hand 
edge.  We  thus  had  a  film  with  two 
tracks,  ons  magnetic,  and  the  other 
optical.  A  more  elaborate  system 
See  ARF  on  page  50 
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HOME  IS  ]VD  HAVEIV  FROM  HARM 

By  £.  Clark  Waodward 


To  most  people,  the  word  "home"  is 
emotionally  associated  with  peace, 
well-being,  and  safety.  Our  language  is 
replete  with  platitudes  and  phrases 
that  foster  such  secondary  meanings 
of  the  word.  We  say,  "Home,  Sweet 
Home."  and  "Home,  at  last,"  or  we 
refer  to  the  scoring  base  of  a  baseball 
diamond  as  "Home."  When  we  com- 
plete a  journey,  we  send  a  telegram 
to  announce  that  our  perils  are  over 
and  we  are  "safe  at  home." 

Perhaps  our  race  memories  hark 
back  to  the  times  when  home  offered 
security  from  the  marauders  and  cut- 
throats of  the  streets  and  highways; 
when  doors  and  windows  were  heavily 
barred  and  home  was  a  private  forti- 
fication. K  so,  it  is  high  time  to  bring 
our  thinking  to  a  more  modern  level 
and  realize  that  today  we  encounter 
peril  inside  as  well  as  outside  the 
threshold. 

Accident  statisticians,  unswayed  by 
emotional  prejudices,  look  upon  the 
American  home  as  a  decidedly  poor 
haven  from  harm.  National  Safety 
Council  reports  show  that  some  32,000 
lives  are  lost  and  at  least  5,000,000 
people  are  injured  annually  in  home 
accidents.  Quite  possibly,  the  injury 
toll  is  even  greater.  Few  people  report 
the  fact  when  they  apply  a  bandaide 
to  a  scratched  finger,  so  statistical  esti- 
mating must  take  the  place  of  facts. 
Hair  splitting  is,  however,  not  required 
in  order  to  make  a  strong  case  against 
the  safety  of  the  home. 

By  applying  a  system  of  cause 
analysis  to  the  available  hospital  rec- 
ords and  vital  statistics,  the  accident 
statisticians  have  found  that  home  ac- 
cidents follow  a  clear  pattern  from 
year  to  year.  Special  studies  have  been 
made  of  data  accumulated  by  the  U.  S. 
Census    Bureau,   The   American   Red 


Cross,  insurance  companies,  and  other 
interested  agencies.  In  1933  and  1934, 
a  total  of  4,602  home  accident  cases 
was  analyzed  at  Cook  County  (Hli- 
nois)  Hospital.  Since  there  has  been 
little  change  in  the  design  and  layout 
of  homes  since  that  time,  the  study 
still  has  significance. 

Falling  is  universally  the  chief  haz- 
ard of  the  home.  Incidentally,  a  ma- 
jority of  all  accidental  injuries  are 
caused  by  falls,  regardless  of  the  loca- 
tion of  the  accident.  In  the  Cook  Coun- 
ty Hospital's  1933-34  study,  for  ex- 
ample, about  two-thirds  of  the  acci- 
dent patients  had  been  injured  by  falls. 
Of  2,146  fatal  cases  recorded  between 
1938  and  1940,  the  percentage  of  falls 
was  slightly  greater. 

Further  analysis  brings  to  light  facts 
regarding  home  falls  that  may  be  of 
value  in  accident  prevention  through 
improved  home  design  and  layout.  Of 
the  total  falls,  about  one-third  occured 
upon  stairs  or  steps,  another  one-third 
at  locations  inside  the  house,  and  the 
remainder  were  outside  the  dwelling. 

Stairway  falls  are  severe.  Many  of 
them  may  be  traced  to  mechanical  or 
structural  hazards.  For  example,  a 
winding  or  circular  type  of  stairway 
can  never  be  truly  safe.  Straight  flights 
of  stairs,  plus  level  landings,  are  far 
less  hazardous.  Uneven,  broken,  too 
shallow,  too  deep,  slippery,  or  irregu- 
larly spaced  stair  treads  have  sent 
many  a  householder  to  a  hospital  frac- 
ture ward.  Lack  of  handrails  has  done 
the  same  thing.  Many  home  falls  take 
place  on  the  front  or  main  stairway, 
but  the  worst  offender  is  the  rear  or 
basement  stair  which  has  been  poorly 
constructed,  is  poorly  lighted,  and 
often  lacks  handrails. 

Mechanical  shortcomings  may  con- 
tribute to  falls  in  other  home  areas. 


Irregular  surfaces,  insufficient  head- 
room, doors  which  swing  in  an  unsafe 
direction,  low  window  sills,  storm  win- 
dows which  can  be  installed  or  re- 
moved only  with  difficulty,  slippery 
surfaces,  unsafe  step  ladders,  and  a 
host  of  other  traps  for  the  unwary  all 
add  to  the  total  number  of  falls.  Con- 
trary to  popular  belief,  not  many  of 
the  falls  recorded  by  Cook  County 
Hospital  occurred  in  bath  tubs. 

Burns,  scalds,  and  explosions  are 
second  only  to  falls  as  sources  of  home 
injuries.  From  the  standpoint  of  sever- 
ity, they  actually  stand  higher  and  are 
more  likely  to  result  in  death.  Al- 
though the  available  statistics  include 
burns  suffered  in  dwelling  fires,  the 
vast  majority  of  the  cases  reported  are 
in  other  categories.  Steam,  hot  water, 
and  other  liquids  —  usually  in  the 
kitchen — account  for  the  greatest  num- 
ber of  ])urned  householders.  However, 
hot  pipes,  stoves,  and  radiators  take  a 
goodly  share  of  the  victims.  Burning 
gasoline,  naptha,  and  other  flammable 
cleaning  agents  account  for  many  fatal 
or  otherwise  severe  burns. 

So  far,  we  have  been  discussing  in- 
juries which  usually  can  be  prevented 
by  better  design  or  layout  of  the  home. 
There  are  many  other  causes  which 
are,  unfortunately,  typical  of  the  aver- 
age home  situation.  Disorder  or  unsafe 
arrangement,  improper  equipment, 
improper  use  of  otherwise  safe  equip- 
ment, lack  of  needed  repairs,  ice  on 
sidewalks,  lack  of  sufficient  light — all 
contribute  to  the  prolilem. 

There  are,  of  course,  many  instances 
of  injury  resulting  from  poor  judg- 
ment, recklessness,  heedlessness,  and 
similar  human  shortcomings.  How- 
ever, it  is  a  mistake  to  take  a  fatalistic 

See  SAFETY  on  page  44 
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A  Scholar  and  the  World  of  Books. 


With  the  World's  Columbian  Ex- 
position held  in  Chicago  came  the  real- 
ization that  this  event  was  ushering  in 
the  beginning  of  a  new  era.  The  glisten- 
ing white,  neoclassic  temples  on  the 
lake  front  of  Chicago  housed  new  won- 
ders in  the  way  of  scientific  achieve- 
ment. An  inspired  teacher.  Dr.  Frank 
W.  Gunsaidus,  had  recognized  the 
signs  even  before  this  exposition  and 
had  interested  a  great  businessman, 
PhUip  D.  Armour,  in  the  founding  of 
a  college  that  would  offer  to  the  young 
men  and  women  of  the  middle  west  an 
opportunity  to  pioneer  in  these  great 
things  to  come. 

In  his  prospectus  for  the  college.  Dr. 
Gunsaulus  wrote,  "It  is  the  design  of 
Armour  Institute  to  educate  the  hand, 
the  head  and  the  heart.  Knowledge, 
skill  and  culture  are  three  constituent 
elements  of  a  liberal  education,  and 
their  attainment  by  the  student  is  pro- 
vided for  through  an  adjustment  of  all 
the  resources  of  the  Institute." 

This  wise  educator  brought  to  his 
college  outstanding  leaders  to  carry 
forward  his  plan.  The  departments  of 
the  new  college  were  outlined  and 
among  them  was  one  in  which  this 
college  was  to  pioneer  in  the  middle 
west — the  Department  of  Library  Sci- 
ence. As  conceived  by  Dr.  Gunsaulus, 
this  department  was  not  to  be  a  degree- 
granting  course,  but  in  the  words  of 
the  prospectus,  "The  constant  demand 
for  trained  assistants  in  libraries  has 
led  the  Institute  to  establish  library 
classes.  The  only  places  where  sys- 
tematic instruction  of  this  kind  is  given 
are  the  New  York  State  Library  School 
in  Albany.  The  Pratt  Institute  Library 
Training  Classes  in  Brooklyn,  the 
Drexel  Institute  Library  Classes  in 
Philadelphia,  and  the  Los  Angeles 
Public  Library  Class.  The  Armour  In- 
stitute course  is  based  upon  the  experi- 
ence of  these  pioneers  in  the  work." 


The  initial  course  of  instruction  in 
the  Department  of  Library  Science  of- 
fered the  prospective  students  a  fii-st 
year  of  basic  study  with  the  prospect 
of  two  additional  years  in  advanced 
and  comparative  work.  Miss  Katherine 
Sharp,  Ph.M.,  B.L.S.,  already  well 
known  for  her  library  work,  was  ap- 
pointed the  first  director  of  the  de- 
partment, and  was  assisted  by  Miss 
Jessie  Van  Vliet  and  Mrs.  Julia  Bev- 
eridge  as  assistant  librarians.  The  first 
class  began  September  14th,  1893.  The 
prospectus  treated  this  department  in 
the  same  fashion  as  the  engineering 
departments. 

Miss  Margaret  Mann,  born  in  Cedar 
Rapids,  Iowa,  had  recently  graduated 
from  Englewood  High  School  in  Chi- 
cago. Armour  Institute  was  offering  to 
Miss  Mann  an  opportimity  to  develop 
those  abilities  which  were  to  carry  her 
far  in  her  chosen  field.  A  well-planned 
course  of  study,  and  real  admiration 
for  her  teacher.  Miss  Sharp,  made 
these  college  years  go  by  only  too  fast. 
Miss  Mann  tells  us,  "The  students  at 
Armour  Institute  Library  School  were 
alive  to  new  problems  and  were  al- 
lowed to  study  new  problems  in  the 
community  which  would  lead  the  on- 
coming young  people  to  realize  what 
books  could  do  for  them  and  others." 
Her  deep  interest  in  her  chosen  pro- 
fession is  indicated  by  the  record  of 
straight  "A's"  in  her  college  work. 

Miss  Mann,  speaking  of  the  courses 
offered  in  her  department  said,  "Pro- 
fessors of  the  Institute  gave  lectures  on 
the  selection  of  books  in  their  special 
fields.  One  of  the  advantages  at 
Armour  was  the  contacts  to  be  made 
with  scholars  who  were  always  inter- 
ested in  the  library."  Library  science 
students,  as  practice  work,  established 
home  libraries  in  Chicago.  These  were 
much  appreciated  by  the  communities 
that  they  served.   The  fact   that  the 


Margaret  Mann 

library  school  was  in  a  large  city  al- 
lowed Miss  Sharp  to  make  the  most  of 
such  large  libraries  as  the  John  Crerar, 
the  Newberry,  and  the  library  at  the 
Chicago  World's  Fair.  Their  staffs  were 
much  interested  in  the  new  school  and 
did  much  to  further  its  success.  There 
were  also  trips  to  various  libraries  in 
the  territory  surrounding  Chicago. 

Miss  Mann  received  her  certificate 
for  her  basic  study  in  1894  and  went 
on  to  receive  her  diploma  for  advanced 
work  in  1896.  Dr.  William  Warner 
Bishop,  Librarian  Emeritus  of  the 
University  of  Michigan  library,  wrote 
of  Miss  Mann  as  he  first  saw  her  as  a 
student  at  Armour,  "She  was  easily 
first  in  a  very  brilliant  group." 

Miss  Mann,  after  her  graduation, 
was  offered,  and  accepted,  the  oppor- 
tunity to  teach  in  the  library  school 
and  then  worked  further  in  this  field 
by  teaching  at  summer  sessions  of  the 
University  of  Wisconsin.  In  1897,  the 
Department  of  Library  Science  of 
Armour  was  transferred  to  the  Uni- 
versity of  Illinois.  Miss  Sharp  was  to 
carry  on  her  work  at  the  University 
and  she  called  upon  her  friend,  col- 
league, and  former  student,  to  assist 
her  in  this  new  venture.  Miss  Mann 
was  appointed  an  assistant  on  the  li- 
brary staff  of  the  University  and  an 
instructor  in   the   library   school.   In 

See  MARGARET  MAISN  on  page  46 
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flotaUe   EooL   of  1946 


This  selection  from  the  more  than 
7500  Ijooks  published  during  the  past 
year  is  largely  a  compilation  from  the 
lists  of  "notable"  books  published  in 
December  in  the  Chicago  Sun,  the  Chi- 
cago Tribune,  Time,  and  The  Nation. 
A  few  books  have  been  added  by  the 
compiler  because  he  felt  that  they  had 
been  overlooked  by  the  selectors. 

Harvev  Curtis  Webster 


Aleishem,  Sholom.  The  Old  Country. 

N- 
Asch,  Sholom.  East  River.  CS^  T^  CT< 
Bernanos,  Georges.  Joy.  T  N 
Best  Short  Stories  of  1946.  Edited  by 

Martha  Foley. 
Bowen,  Elizabeth.  Ivy  Gripped  the 

Steps.  T  N 
Camus,  Albert.  The  Stranger.  N 
Dreiser,  Theodore.  The  Bulwark.  T  CT 
Goodman,  Paul.  The  State  of  Nature. 
Howe,  Helen.  We  Happy  Few.  N 
Isherwood,  Christopher.  The  Memor- 

i(d.  The  Berlin  Stories. 
Jackson,  Charles.  The  Fall  of  I'alor. 
T  CS  BS'' 
Kafka,  Franz.  The  Great  Wall  of 

China.  Metamorphosis  N 
Kavan,  Anna.  Asylum  Piece. 
Koestler,  Arthur.  Thieves  in  the  Night. 

T  CS  BS  N  CT 
La  Farge,  Christopher.  The  Sudden 

Guest.  N  CT 
Marquand,  John  P.   B.  F.'s  Daughter. 

T  CS  BS 
Maugham,  W.  S.  Then  and  Notv. 

T  BS  CT 
Mauriac,  Francois.  Woman  of  the 

Pharisees.  T  N 

^  Selected  by  the  Chicago  Sun.  -  Se- 
lected by  The  Nation.  ^  Selected  by 
Time.  *  Selected  by  the  Chicago  Trib- 
une. ^  A  national  best  seller.  ''  A  Big 
Best  Seller. 


McCullers,  Carson.  The  Member  of  the 

Wedding.  CT 
Nin,  Anais.  Ladders  to  Fire. 
Pen,  John.  Temptation.  CS 
Petry,  Ann.  The  Street.  N  CT 
Remarque,  Erich.  Arch  of  Triumph. 

TBBSo 
Richter,  Conrad.  The  Fields.  T  CT 
Schmitt,  Gladys.  David  the  King. 

T  BBS  N  CT 
Shaw,  Irwin.  Act  of  Faith  and  Other 

Stories. 
Simenon,  Georges.  The  Man  IVho 

Wiatched  the  Trains  Go  By. 
Sinclair,  Jo.   Wasteland.  BS 
Stead,  Christine.  Letty  Fox.  T 
Tabori,  George.  Companions  of  the 

Left  Hand.  T 
Wakeman,  Frederick.  The  Hucksters. 

TBBS 
Ward,  Mary  Jane.  The  Snake  Pit. 

BSCT 
Warren,  Robert  P.  All  the  King's  Men. 

T  CS  BS  N  CT 
Waugh,  Evelyn.  Brideshead  Revisited. 

T  BBS 
Weidman,  Jerome.  Too  Early  To  Tell. 

T 
Welty,  Eudora.  Delta  Wedding.  T  CT 
Werfel,  Franz.  Star  of  the  Unborn.  T 
\X'ilson,  Edmund.  Memoirs  of  Hecate 

County  CS  N 


Andrade,  Jorge  Carrera.  Secret 

Country. 
Aragon,  Poet  of  the  Resistance.  Edited 

by   Malcolm   Cowley   and   Hannah 

Josephson. 
Bishop,  Elizabeth.  North  and  South. 

TN 
Cummings,  E.  E.  Santa  Clans:  A 

Morality  T 
Graves,  Robert  .Poems:  1938-1945.  T  N 
Jeffers,  Robinson.  Medea,  Freely 

Adapted  from  the  Medea  of 

Euripides 
Kreymborg,  Alfred.  Man  and  Shadow. 


Lowell,  Robert.  Lord   Weary's  Castle. 

TN 
Manifold,  John.  Selected  Verse.  T 
Thomas,  Dylan.  The  Selected  Writings 

of.  T  N 
Vasakas,  Byron.  Transfigured  Night. 
War  and  the  Poet.  Edited  by  Selden 

Rodman  and  Richard  Eberhart. 
Williamsj  William  Carlos.  Paterson 

(Book  One)  T  N 

MISCELLANEOUS 

Adamic,  Louis.  Dinner  at  the  W  hite 

House.  T 
ARNALL,  Ellis.  The  Shore  Dimly 

Seen.  N 
Beard,  Mary.  W'oman  As  A  Force  In 

History.  N 
Benedict,  Ruth.  The  Chrysanthemum 

and  the  Sword.  N 
Bentley,  E.  R.  The  Playwright  As 

Thinker. 
Benet,  Stephen  V.  The  Last  Circle. 
Burke,  Kenneth.  A  Grammar  of 

Motives. 
Cecil,  Lord  David.  Thomas  Hardy. 

TCT 
Cohen,  Morris.  The  Faith  of  a  Liberal. 

N  CT 
Connelly,  Cyril.  The  Condemned 

Playground.  N 
Dewey,  John.  Problems  of  Men.  N 
Dorfman,  Joseph.  The  Economic  Mind 

in  American  Civilization  (1606- 

1865)  TN 
Des  Passos,  John.  Tour  of  Duty.  CT 
Evans,  Bergen.  The  Natural  History  of 

Nonsense.  CS 
Gregory,  Horace  and  Zatursenska, 

Matha.  A  History  of  American 

Poetry:   1900-1940. 
Halsey,  Margaret.  Color  Blind.  N  CT 
Hersey,  John.  Hiroshima.  T  N  CT 
Hicks,  Granville.  Small  Town. 
Isherwood,  Christopher  (editor). 

Vedanta  for  the  Western  World. 

See  BOOKS  on  page  60 
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Rigid  Inspection 
is  the  rule 

Bell  Telephone  eciuipment,  being  precision 
apparatus,  must  stand  inspection  during 
each  stage  of  its  manutacture.  Materials 
being  used  in  manutacture  .  .  .  parts  in 
process . . .  partial  assemblies . . .  equipment 
after  it  is  assembled  and  wired  ...  all  must 
be  checked  and  rechecked  to  insure  high 
quality  of  performance. 

The  design  and  maintenance  of  test 
equipment  for  such  a  wide  variety  of 
products  calls  for  men  with  technical  train- 
ing and  inventive  resourcefulness. 

This  equipment  must  be  fast  and  ac- 
curate in  operation,  and  although  it  may 
be  complex  in  design  and  construction,  it 
must  be  simple  to  operate  by  the  average 
worker.  And,  to  facilitate  mass  production, 
test  equipment  of  many  different  types 
is  also  required. 

Here  are  just  a  few  interesting  examples 
of  the  many  test  sets  Western  Electric  en- 
gineers have  developed  to  meet  these  needs. 


for  Engineers 


What's  wrong  with 
which  wire? 

Formerly,  when  switchboard  cables  failed 
to  pass  inspection,  it  was  often  difficult  to 
determine  which  conductor  was  causing 
the  trouble  and  what  the  exact  nature  of 
the  trouble  was.  Not  any  more.  Now, 
Western  Electric  engineers  have  devel- 
oped a  new  test  set  that  checks  switch- 
board cables  for  the  continuity  of  each 
wire  . . .  that  checks  the  dielectric  strength 
between  each  wire  and  every  other  wire 
and  the  ground  shield.  It  automatically 
tests  a  cable  of  up  to  320  conductors  for 
continuity  and  insulation  resistance  in  a 
total  testing  time  of  35  seconds!  If  a  de- 
fect is  present,  the  faulty  conductor  and 
the  type  of  defect  is  indicated  visually. 


Looking  at  voices 


A  new  method  for  testing  the  volume 
efficiency  of  telephone  receivers  has  been 
introduced  since  the  end  of  the  war.  Now, 
the  output  of  a  0-3000  cycle  per  second, 
slow  sweep  band  frequency  oscillator  is 
applied  to  the  receiver  and  its  output  de- 
picted upon  a  long  persistence  screen  of 
an  oscilloscope.  Thus,  an  inspector  can 
s/e  the  complete  frequency  response  curve 
of  the  receiver  under  test  and  quickly 
classify  defective  receivers  according  to 
the  nature  of  the  defect. 


Find  the  pinhole! 

In  the  manufacture  of  coils  for  relays, 
ringers,  etc..  Western  Electric  uses  tre- 
mendous amounts  of  enameled  wire.  The 
quality  of  this  insulating  enamel  must  be 
of  the  highest.  So  Western  Electric  devel- 
oped a  "pinhole"  test  set  which  reliably 
detects  the  most  minute  imperfections  in 
the  enamel  coating  as  soon  as  it  comes 
trom  the  baking  oven.  This  instrument 
helps  greatly  in  maintaining  quality 
standards  and  in  establishing  satisfactory 
sources  of  supply. 


Is  it  cracked  on 
the  inside? 

In  wartime  especially,  a  large  volume  of 
non-ferrous  rod  stock  was  used.  Testing 
it  for  internal  flaws  became  imperative, 
yet  no  manufacturer  of  such  stock  had 
devised  any  method.  Western  Electric  en- 
gineers came  through  with  a  device  to  do 
the  job.  One  that  not  only  located  objec- 
tionable cracks  and  determined  their 
thickness  but  also  served  as  a  precise 
thickness  gauge  for  such  materials  as 
aluminum  condenser  foil  .  .  .  detecting 
differences  of  a  fraction  of  a  millionth  of 
an  inch  in  foil  nominally  two  hundred 
millionths  of  an  inch  thick. 


Manufacturing  telephone  and  radio  apparatus  for  the  Bell  System  is  Western  Electric's  primary  job.  It  calls 
for  engineers  of  many  kinds  —  electrical,  mechanical,  industrial,  chemical,  metallurgical  —  who  devise 
and  improve  machines  and  processes  for  large  scale  production  of  highest  quality  communications  equipment.  '■ 

Western  Electric 
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SOMETHING    NEW 
IN    AIR    CIRCULATION 


This  illustrates  a 
24"  diameter  high 
stand  model.  It  is 
6  ft.  high  adjust- 
able to  8  ft.  Can 
also  be  supplied  in 
table  and  ceiling 
models. 


RCULATORS 


These  air  circulators  blow  up- 
wards, the  air  traveling  along  the 
ceiling,  down  the  walls  and  up  the 
center  again  providing  gentle  and 
complete  air  movement  of  air  in  all 
parts  of  a  room.  This  provides  more 
efficient  body  cooling  than  is  pos- 
sible with  old  style  horizontal  blow- 
ing fans.  Furthermore  there  is  no 
draft  to  cause  colds  and  sore  throats. 
Neither  does  the  RECO  blow  pa- 
pers or  other  light  material  about. 

HAS  YEAR  AROUND   USE 

In  the  winter  the  RECO,  when 
operated  at  slow  speed,  because  it 
blows  upwards,  forces  down  the  hot 
moist  air  which  is  trapped  at  the 
ceiling,  and  intermixes  it  with  all  of 
the  air  in  the  room,  providing  uni- 
form temperature  and  humidity, 
avoiding  air  stratification  and  cold 
floors.  It  also  quickly  dissipates 
smoke,  gases  and  odors. 

We  also  build  special  fans  for  re- 
frigerated spaces  and  processing 
rooms. 

Write  for  free  descriptive  litera- 
ture. 

2625  W.  Congress  St. 
Chicago    12,    III. 


University  Conference 

On  Corrosion* 
And  Metal  Protection 


The  list  of  speakers  for  the  Univer- 
sity Conference  on  Corrosion  and 
Metal  Protection,  which  is  to  be  held 
at  the  Museum  of  Science  and  Indus- 
try, in  Chicago,  in  a  three-day  session 
on  June  11, 12,  and  13  has  almost  heen 
completed.  This  announcement  was 
made  by  the  chairman,  Hugh  J.  Mc- 
Donald, Illinois  Institute  of  Tech- 
nology and  vice-chairman.  Mars  G. 
Fontana,  Ohio  State  University.  An 
outstanding  selection  of  subjects  by 
leading  men  in  the  field  is  promised. 
The  opening  address  will  be  given  by 
Henry  T.  Heald,  President,  Illinois  In- 
stitute of  Technology.  The  technical 
papers  will  be  of  a  quantitative  and  re- 
search character,  and  will  emphasize 
the  science  background  of  corrosion 
rather  than  the  art  of  corrosion  testing 
and  practice.  As  each  speaker  is  being 
allowed  about  an  hour  for  presenting 
his  talk  and  for  discussion,  there 
should  be  sufficient  time  to  go  into  the 
various  subjects  in  more  detail  than  is 
feasible  at  the  usual  scientific  meeting. 
The  slate  of  speakers  and  the  titles  of 
their  talks  are  arranged  alphabetically 
below: 

Carl  W.  Borgmann,  University  of  Colo- 
rado; Bi-Metallic  Corrosion. 
A.  L.  Ferguson,  University  of  Michi- 
gan; The  Mechanism  of  Overvoltage 
Phenomena. 
Mars  G.  Fontana,  Ohio  State  Univer- 
sity; Surface  Studies  of  Metals  from 
the  Corrosion  Standpoint. 
Norman  Hackerman,  University  of 
Texas ;  The  Role  of  Adsorption  from 
Solution  in  Inhibitor  Action. 
Cecil  V.  King,  New  York  University; 
Kinetics    of    the    Dissolution    of 


Metals. 
Charles  A.  Mann,  University  of  Min- 
nesota; Some  Concepts  of  the  Mech- 
anism of  Corrosion  Inhibitor  Action. 
H.   A.   Miley,   Air  Technical   Service 
Command,    Watson    Laboratories, 
Cambridge,   Massachusetts ;    Oxida- 
tion, Tarnishing  and  Surface  Films 
of  Metals. 
Thomas  C.  Poulter,  Armour  Research 
Foundation;  Mechanism  of  Cavita- 
tion Erosion. 
C.  F.  Prutton,  Case  School  of  Applied 
Science;  The  Corrosion  of  Bearings. 
R.  L.  Starkey,  New  Jersey  Agricultural 
Experiment  Station;   Bacteria  and 
the  Corrosion  of  Iron. 
Michael  A.  Streicher,  Lehigh  Univer- 
sity; Corrosion  Protection  by  Phos- 
phatization. 
H.  H.  Uhlig,  Massachusetts  Institute 
of  Technology;  Adsorbed  and  Re- 
action-Product Films  on  Metals. 
James  T.  Waber,  Illinois  Institute  of 
Technology;  Generalized  Theory  of 
Stress  Corrosion  Cracking. 
W.  H.  Zinn,  Argonne  National  Lab- 
oratory; Corrosion  and  Atomic  Pow- 
er. 

The  conference  is  being  sponsored 
by  the  following  institutions,  all  of 
which  are  now  actively  engaged  in 
work  on  corrosion  and  metal  protec- 
tion :  Carnegie  Institute  of  Technology, 
Illinois  Institute  of  Technology,  Le- 
high University,  Massachusetts  Insti- 
tute of  Technology,  Ohio  State  Univer- 
sity, and  the  Universities  of  Chicago, 
Colorado,  Minnesota  and  Texas.  Every- 
one interested  in  the  fundamental 
aspects  of  corrosion  is  invited  to  attend 
and  to  participate  in  the  discussion. 
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Because  photography 


You  KNOW  what  can  be  done  with 
photography  to  dramatize  beauty. 
But  do  you  know  what  can  be  done 
with  it  to  dramatize  ideas  .  .  .  products 
.  .  .  processes  .  .  .  technics? 

AYith  eye-arresting  photographic 
illustrations  in  your  advertising  .  .  . 
with  motion  pictures  .  .  .  you  can  add 
color,  spark,  interest  to  the  presenta- 
tion of  any  idea  or  product.  Get  quick- 
er and  greater  acceptance  through 
your  showmanship! 

With  movies  and  slide  films,  you  can 


dramatically  explain  tlie  wliys  and 
wherefores  of  basic  processes  ami 
technics  .  .  .  make  training  programs 
more  understandable,  more  interest- 
ing, and,  therefore,  more  producti%e. 
Beyond  these,  there  are  many  other 
uses  to  which  business  and  industry 
can  put  photography.  For  a  brief  de- 
scription of  some  of  these  uses,  write 
for  our  new,  free  booklet— "Function- 
al Photography." 

EASTMAN  KODAK  COMPANY 
Rochester  4,  New  York 


Functional 
Photography 


Advancing  business  and  industrial  technics 


Remedy  for  red  ink  rash 

(*for  executive  use  only) 


* 


Say  "Ah-h-h,"  Mr.  Executive. 

A  rash  of  red  ink,  hm?  Production 
costs  steadily  climbing,  you  say? 

Well,  there's  an  effective  medication 
for  your  troubles — one  that  will  help 
you  cut  down  those  excessive  expenses 
in  a  hurry. 

The  prescription?  It's  called  Carboloy 
Cemented  Carbide — the  hardest  metal 
made  by  man.  Formed  from  the  powder 
you  see  pictured  into  blanks  for  tools, 
dies  and  wear-resisting  parts,  Carboloy  * 
is  the  greatest  single  factor  for  reducing 
manufacturing  costs  that  modern 
industry  has  ever  known,  BECAUSE: 


1.  Carboloy  commonly  triples  fhe  output 
of  both  men  and  machines, 

2.  Regularly  increases  the  quality  of 
products,  and 

3.  Cuts,  forms  or  draws  the  toughest, 
most  abrasive  modern  alloys  with  ac- 
curacy and  speed  previously  unknown. 

That    is   why   Carboloy   is   held   by 

authorities  to  be  one  of  the  ten  most 

important  industrial  developments   of 

the  past  decade. 

We  Make  This  Challenge 

The  odds  are  10  to  1  that  Carboloy — 

the  amazing  metal  of  many  uses — can 

be  put  to  work  by  our  engineers  to  givt^ 

your  products  higher  quality  at  lower 

cost.  Call  us  in  for  consultation. 

Carboloy  Company,  Inc.,  Detroit  32,  Mich. 


CARBOLOY 


•(TRADE  MARK) 


CEMENTED  CARBIDE 


THE  HARDEST  METAL         MADE 
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BY  MAN 


THE  SCHOOIMASTER 


Monuments.  To  most  Americans 
the  word  is  likely  to  suggest  the  shaft 
that  carries  Washington's  name,  or  the 
Lincoln  Memorial.  But  there  are  mon- 
uments that  are  not  obelisks  nor  white 
marble  buildings.  A  monument  is  a 
reminder,  a  symbol  of  recognition  of 
character  or  achievement,  an  indica- 
tion of  appreciation  of  a  man  or  an 
event.  There  is  a  temptation  to  extend 
the  meaning  of  the  word,  and  to  say 
that  a  monument  may  be  not  a  ma- 
terial thing.  "Well  done.''"  That's  Navy 
talk.  A  perfect  pair  of  syllables.  Per- 
fect appreciation. 

"If  you  seek  his  monument,  look 
about."  Sir  Christopher  Wren's  epi- 
taph in  St.  Paul's  in  London  could 
serve  for  many  another  architect  whose 
memorial  is  a  great  and  beautiful 
building.  What  monument  to  Roebling 
could  be  so  appropriate  as  the  Brook- 
lyn Bridge?  But  not  every  noble  struc- 
ture can  bring  to  mind  the  name  and 
personality  of  the  man  who  conceived 
it.  Do  we  know  who  were  the  architects 
of  the  Twelfth  and  Thirteenth  Century 
Gothic  cathedrals? 

Chicago  developed  the  sky-scraper. 
The  earlier  high  buildings  were  on 
foundations  not  far. below  street  grade, 
comprising  thick  slabs  of  concrete  with 
embedded  steel  beams;  these  "float- 
ing" foundations  covered  all  or  nearly 
all  of  the  lot  area,  so  that  the  unit 
load  transmitted  to  the  soil  was  kept 
below  what  was  considered  a  proper 
maximum.  As  the  number  of  buildings 
increased,  and  as  subways  and  other 
underground  works  were  undertaken, 
settling  of  the  great  concrete  "rafts" 
developed.  The  buildings  were  then 
made  safe  and  stable  by  sinking  shafts 
to  hard-pan  or  bed-rock  and  pouring 
concrete  to  form  subterranean  col- 
umns, several  feet  in  diameter,  and 
scores  of  feet  in  vertical  dimension,  to 
carry  the  weight  of  building  and  con- 
tents; the  work  was  done  without  in- 
convenience to  occupants  of  the  build- 
ings, usually  without  their  knowledge. 
Perhaps  these  concrete  caissons  are 
monuments,  but  they  are  not  now  vis- 
ible; many  of  them  will  never  be  seen. 

See  SCHOOLMASTER  on  page  54 
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Explosives— an  essential 
industrial  tool 


INDUSTRIAL  explosives  are 
as  much  of  a  yardstick 
of  industrial  progress  as  sul- 
furic acid.  They  are  in- 
volved in  the  fabrication  of 
nearly  all  the  products  used 
by  man.  This  year  the 
United  States  will  use  over 
500  million  pounds  of  in- 
dustrial explosives. 

The  technical  problems 
that  confront  the  explosives 
industry  are  many  and  va- 
ried. A  measure  of  this  is 
the  fact  that  the  Du  Pont 
Company  manufactures 
about  two  hundred  dyna- 
mite formulations,  each  in- 
tended to  do  a  different  job, 
from  the  slow  heaving  ac- 
tion of  blasting  coal  to  the 
rapid,  violent  shattering 
necessary  for  a  hard  ore. 
Ranging  between  these  two  extremes 
are  a  large  number  of  intermediate 
grades,  including  explosives  especially 
formulated  for  agricultural  work,  seis- 
mic prospecting  for  oil,  submarine  blast- 
ing— right  down  to  the  tiny  charge 
used  in  an  explosive  rivet. 

Studies  in  Laboratory  and  Field 

One  of  the  first  industrial  laboratories 
for  chemical  research  in  the  United 
States,  the  Eastern  laboratory  of  the 
Du  Pont  Explosives  Department  has 
nearly  two  hundred  chemists,  engineers, 
physicists  and  assistants.  There,  meth- 
ods have  been  developed  for  measuring 
the  power  of  explosives,  the  degree  to 
which  they  shatter  or  pulverize  various 
materials,  their  water  resistance,  their 
safety  characteristics  when  exposed  to 
shock  or  flame,  the  composition  of  the 
gases  they  produce,  etc.  As  a  result  of 
studies  of  the  influence  of  various  fac- 
tors on  dynamite  performance,  it  has 
become  possible  to  formulate  an  explo- 
sive to  meet  practically  any  blasting 
condition. 

In  keeping  with  these  improvements, 
the  application  of  explosives  has  reached 
a  new  level  of  efficiency .  Technical  serv- 
ice men,  usually  mining  engineers  or 


Frank  A.  Loving,  Chemi 
explosive  charge  into  a 
conditions  found  in  cool 


□  s  A  &  M  '41,  prepares  io  fire  an 
!  or  dusty  air  to  lest  safely  under 


civil  engineers,  aid  consumers  in  the 
selection  and  use  of  explosives.  They 
also  work  closely  with  research  men  in 
solving  unusual  problems  encountered 
in  the  field. 

Research — Path  to  Progress 

A  few  of  the  results  gained  through 
research  are:  (1)  lowering  of  dynamite 
freezing  points  by  nitrating  ethylene 
glycol  along  with  glycerol  to  diminish 
the  hazards  of  thawing  frozen  dyna- 
mites. (2)  Production  of  less  hazardous 
dynamites  by  substituting  ammonium 
nitrate  partially  for  nitroglycerine,  in 
spite  of  the  greater  hygroscopicity  and 
lesser  explosive  power  of  the  former. 
This  resulted  in  dynamites  less  hazard- 
ous to  manufacture  and  use.  (3)  Intro- 
duction of  "Nitramon,"  a  blasting  agent 
containing  a  high  percentage  of  ammo- 
nium nitrate  as  its  major  ingredient.  It 
is  equal  in  strength  to  the  most  power- 
ful dynamites  commonly  employed  and 
yet  is  by  far  the  safest  blasting  agent 
available.  (4)  Development  of  explo- 
sives with  a  minimum  of  noxious  gases 
for  use  in  confined  areas.  (5)  Numerous 
improvements  in  the  composition,  man- 
ufacture and  design  of  the  blasting 
caps  which  set  off  the  main  charge. 


A.  I.  St.  Peter,  Princeton 
supervisor  blasting  operation 
Susquehanna  River  Project, 
lowers  a  SVi  inch"Nitramon" 
Primer  into  one  of  600  drill 
holes  preparatory  to  blasting 
a  pipe  line  ditch. 


Aside  from  these  developments  in 
explosives  and  blasting  supplies,  there 
have  been  many  accomplishments  in 
chemistry  and  engineering  associated 
with  such  projects  as  the  oxidation  of 
ammonia  to  nitric  acid;  manufacture, 
granulation  and  drying  of  ammonium 
nitrate;  substitutes  for  nitroglycerine 
and  ethylene  glycol  dinitrate,  concen- 
tration of  nitric  and  sulfuric  acids,  and 
a  host  of  other  subjects. 


Questions  College  Men  ask 
about  working  with  Du  Pont 

WHAT  ARE  THE   OPPORTUNITIES 
FOR  RESEARCH   MEN? 

Unusual  advantages  in  facilities  and 
funds  are  available  to  men  qualified 
for  fundamental  or  applied  research. 
Investigation  in  the  fields  of  organic, 
inorganic  and  physical  chemistry,  biol- 
ogy, parisitology,  plant  pathology  and 
engineering  suggest  the  wide  range  of 
activities.  Write  for  booklet,  "The 
Du  Pont  Company  and  the  College 
Graduate,"  2521  Nemours  Building, 
Wilmington  98,  Delaware. 

JOPU: 


More  facts  about  Du  Pont— Listen  to  "Cavalcade  of  America,"  Mondays,  8  P.M.  EDST,  on  NBC 
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LIGHTNING 

(Continued  from  page  18) 

immunity  to  lightning.  Figure  2  shows 
a  comparison  of  the  rebuih  line  on  the 
left  with  an  adjacent  line  of  the  old 
construction  on  the  right.  Supplemen- 
tary tower-footing  grounding  methods 
were  employed  which  reduced  tower- 
footing  resistance  in  most  cases.  This 
figure  was  furnished  by  Mr.  E.  W. 
Oesterreich,  General  Superintendent 
of  Distribution,  Duquesne  Light  Com- 
pany, who  reported  on  the  perform- 
ance of  the  rebuilt  line  at  the  recent 
Midwest  Power  Conference. 

In  this  design,  the  voltage  appearing 
across  the  insulation  between  conduc- 
tor and  tower  was  limited  by  use  of 
the  elevated  shielding  ground  wire,  an 
"underline"  coupling  ground  wire  and 
supplementary  grounding  electrodes 
close  to  the  tower  base.  The  low  foot- 
ing-resistance reduced  the  tower  po- 
tential appearing  as  a  result  of  the  pro- 


duct of  lightning  current  and  tower 
footing-resistance,  while  the  increased 
coupling  afforded  by  the  underline 
ground  wire  increased  the  conductor 
potential,  thereby  minimizing  the  po- 
tential difference  across  the  insulation. 
The  insulation  offered  to  impulse  volt- 
ages was  greatly  increased  by  replacing 
the  old  steel  arms  with  wood  arms. 
Prior  to  rebuilding,  this  important 
24.4  mile  line  averaged  3.4  single  cir- 
cuit and  4.6  double  circuit  to  make  a 
total  of  eight  lightning  tripouts  per 
year.  Over  the  period  from  1941 
through  1946  after  rebuilding,  this  line 
averaged  0.83  single  circuit  and  no 
double  circuit  tripouts  per  year.  It 
may  be  of  interest  to  compare  the  last 
figure  with  the  final  design  estimate 
of  0.71  average  tripouts  per  year  based 
upon  published  data  from  over  2700 
lightning  current  measurements  and 
the  distribution  curve  of  tower-footing 
resistances  as  measured  after  installa- 
tion. Although  the  closeness  of  these 


Modernized  66   kv  transmission   line  employs  the  unusual   feature  of  an  underline  ground 
wire.  Construction  before  modernization  is  shown  on  the  right. 


figures  is  doubtless  a  matter  of  chance, 
it  is  believed  that  with  proper  care 
reasonably  good  predictions  of  line 
performance  can  be  made.  Outage-free 
performance  has  been  reported  for 
well-designed  high  voltage  lines  where 
earth  conditions  permit  tower-footing 
resistances  under  10  ohms. 

FUTURE  WORK 

It  is  natural  that  stress  should  be 
laid  upon  the  successes  that  have  at- 
tended the  application  of  the  research 
method  to  a  major  power  system  prob- 
lem, since  ultimately  it  is  results  which 
count.  On  the  other  hand,  there  are 
still  many  opportunities  for  the  stu- 
dent of  power  engineering  to  contrib- 
ute to  the  solution  of  the  lightning 
problem.  Much  remains  to  be  learned 
about  the  impulse  breakdown  char- 
acteristics of  insulating  materials  sub- 
jected to  impulses  less  than  one  micro- 
second in  length.  There  is  also  room 
for  improvement  in  the  protective 
characteristics  of  lightning  arresters. 
While  the  impulse  breakdown  char- 
acteristics of  many  types  of  porcelain 
insulator,  alone  and  in  combination 
with  wood  supporting  members,  have 
been  ivestigated,  many  flashover  paths 
involve  porcelain,  wood  and  air  in 
series  for  which  few  if  any  data  are 
available.  Electronic  oscillographs  and 
their  associated  measuring  circuits  can 
be  improved  and  standardized.  Much 
of  this  fundamental  work  can  and  is 
being  done  at  laboratories  of  educa- 
tional institutions.  Figure  3  shows  the 
modern  impulse  generator  in  the  high 
voltage  laboratory  of  the  Technologi- 
cal Institute  at  Northwestern  Univer- 
sity. 

For  those  who  prefer  analysis,  there 
are  still  opportunities  for  contribution 
to  the  study  of  the  various  voltage  com- 
ponents which  appear  on  a  transmis- 
sion line  as  a  result  of  both  direct  and 
near-by  lightning  strokes.  In  this  con- 
nection the  whole  problem  of  the 
transient  impedance  offered  by  the 
supporting  structures  and  their 
grounding  systems  can  stand  further 
study. 

Closely  associated  with  the  electri- 
cal and  physical  problems  of  lightning 
protection  are  the  statistical  and  eco- 
nomic phases  which  are  assuming  in- 
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creasing  importance  and  which  are 
receiving  more  attention  as  the  phys- 
ical problems  are  solved.  The  striking 
reductions  in  service  interruptions  and 
apparatus  damage  which  have  been 
efifected  in  the  past  ten  to  fifteen  years 
have  resulted  in  fundamental  changes 
in  the  philosophy  of  system  design  so 
that  emphasis  is  now  being  placed 
upon  equipment  availability  rather 
than  on  spare  capacity.  There  is  a  fu- 
ture for  the  young  engineer  who  can 
couple  his  knowledge  of  electrical 
engineering  with  the  science  of  statis- 
tics and  probability  so  that  he  is 
equally  at  home  with  the  kilowatt,  the 
kilovar,  and  the  dispersion  of  n-year 
average  of  customer  service  interrup- 
tions! 

Concluding  this  brief  review  of  the 
problem  of  lightning  protection  for 
electric  power  systems,  we  can  look 
with  some  satisfaction  at  the  success  of 
the  research  approach  which  has 
proved  so  fruitful  in  the  reduction  of 
its  findings  to  practical  application. 
Future  progress  will  demand  clear 
analysis  of  both  electrical,  statistical, 
and  economic  problems.  There  can  be 
no  doubt,  however,  that  the  young 
engineer  will  meet  this  challenge. 


fbermou 


A  NAME  TO  REMEMBER 


And  for  good  reasons:  Thermoid  is 
geared  to  meet  the  day  to  day  prob- 
lems of  the  users  of  its  products.  By 
limiting  itself  to  a  restricted  number 
of  items,  related  in  manufacture  and 
use,  Thermoid  is  able  to  keep  abreast 
of  difficulties  encountered  in  the  field 
and  thus  constantly  maintain  top 
quality. 

The  Thermoid  line  is  a  quality  line. 
Remember  Thermoid  for  BRAKE 
LININGS,  FAN  BELTS,  CLUTCH 
FACINGS  and  RADIATOR  HOSE. 
Remember,  too,  that  Thermoid  makes 
a  complete  line  of  belting,  brake  lin- 
ings and  hose  for  industrial 
and  oil  field  use. 


f^^^ 


Write  us  if  catalogs  on  any  of 
these  lines  would  be  useful  to 
you  in  your  engineering  studies,  \ 


THermoiS 

Pr*ocluc;ts 


The  new   1,500,000-volt  impulse  or  "articificial   lightning"  generator  at  the  Technological 
Institution  of  Northwestern  University. 

(Photo  by  courtesy  of  Northwestern  University) 
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ROCKET  HESEAHCH 


Modifications  of  methods  of  measur- 
ing the  blazing  heat  of  distant  stars 
and  the  speed  of  rotation  of  the  sun 
have  been  adapted  by  scientists  of  the 
General  Electric  Company  to  a  re- 
search program  designed  to  create 
rockets  tliat  will  outperform  the  Ger- 
man V-2. 

By  study  of  the  wave  lengths  of 
molecular  radiation,  physicists  of  the 
G-E  Research  Laboratory  take  the 
temperature  of  rocket  gases  too  hot  to 
measure  by  conventional  methods. 

Using  a  method  by  which  astron- 
omers measure  the  speed  of  rotation 
of  the  sun,  scientists  can  compare  the 
velocity  of  the  superheated  gases  with 
the  velocity  of  light,  thereby  determin- 
ing the  speed  of  the  flames  as  they 


blast  from  the  rocket  motor.  This 
speed  is  generally  greater  than  6000 
feet  per  second  or  six  times  the  speed 
of  sound.  In  this  way,  measurements 
could  be  made  of  velocities  almost  as 
great  as  the  speed  of  light  itself,  186,- 
000  miles  a  second. 

Dr.  R.  W.  Porter,  engineer  in  charge 
of  the  extensive  G-E  rocket-research 
program  being  conducted  for  the 
Army  Ordnance  Department,  an- 
nounced today  that  Dr.  Francis  P. 
Bundy  and  Dr.  Herbert  M.  Strong,  re- 
search physicists,  had  developed  the 
methods  of  measurement  to  a  point 
where  reasonable  accuracy  could  be 
expected. 

Dr.  Bundy,  formerly  with  the  Har- 
vard Underwater  Sound  Laboratory', 


who  has  been  conducting  experiments 
relating  to  the  speed  of  the  rocket 
gases,  stated  that  the  "Doppler  effect," 
by  which  the  speed  of  an  object  to- 
ward or  away  from  a  certain  point 
can  be  measured,  is  the  basis  of  his 
tests.  A  common  example  of  the  "Dop- 
pler effect"  is  the  whistle  of  a  moving 
train  which  seems  higher  pitched 
when  approaching  than  when  moving 
away. 

By  means  of  two  periscopes,  look- 
ing at  an  angle  into  the  rocket  jet, 
the  wave  length  of  the  radiation  from 
sodium  atoms  in  the  flame  is  recorded 
on  photographic  film.  The  apparent 
wave  length  of  atoms  moving  away  is 
recorded  through  one  periscope;  the 
See  ROCKET  on  page  60 
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Th 


HE  DIFFICULT THrN6  ABOUT 
FIRE  IS  T-HAT  ITS  HOT.'  IT 
BURNS.'  BUT  PRIMITIVE  MAN 
LEARNED  TO  USE  THIS  HEAT 
.^       JO  WARM  HIMSELF  •  •  •  COOK— 
5fc^*?il^*  HARDEN  CLAY-  -  •  SOFTEN 
'^^**^'^      AND  MELT  METAL  . 


AND 

Latest  Conquest 
OF  Tire 


WATER  -  STEAM-PISTON-SHAFT 

•r  i^ir^ 

riRE   COULDNT  BURN   WATER  — INSTEAD 
IT  CHANGED  IT  TO  STEAM.    SO  MAN 
HARNESSED  STEAM,    USING    FIRE   IN- 
DIRECTLY TO  PUSH  A  PISTON  -  TURW 
AWHEEL   AND    SHAFT 


Invention  of  the   internal 
combustion  engine  eliminated 
steam  as  a  link •••br006ht 
fire  closer  to  the  crank- •- 
but  the  friction  of  reciprocat- 
ing machinery  sfilu  loses 
pow6r  •  ■  •  causes  wear  . 


^ 


THE  GAS  JURBiNB*^ 


Now,    IN  THE  GAS  TURBINE,  FIRE  IS  APPLIED 
DIRECT  TO  THE  SHAFT    A  COMPRESSOR  SUPPLIES  AIR  TO 
THE  COMBUSTION  CHAMBER.  FUEL  BURNER  HEATS  AIR,  GREATLY 
INCREASING  ITS  VOLUME.  HEATED  AIR  RUSHES  THROUGH  TURBINE 
AND  TURNS  SHAFT.  SOUNDS  SIMPLE  BUT  MANY  TOUGH  PROBLEMS 
OF  DESIGN  AND  METALLURGY  HAD  TO  BE  SOLVED  TO 
MAKE    IT  PRACTICAL 


ALLIS-CHALMERS  HAS  MADE  MORE  INDUSTRIAL  CAS  TURBINES  THAN  ALL 
OTHER  COMMNIES  COMBINED.'  WORK  IS  NOW  60IN6  FORWARD  FOR  THEIR  USE  IN 
POWER  PLANTS,  LOCOMOTIVES,  FAST  SHIPS,  PLANES,  JUST  ONE  MORE  EXAMPLE  OF 
A-C  LEADERSHIP  IN  SCIENTIFIC  PEVELOPMENT  OF  BEHER  MACHINERV  RJR  AU  INDUSTRY 


ALLIS  m  CHALMERS 


ONB  OF  THE   BIG  3  tN  ELECm/C  POIVEK  EQU/PMEA/r 

BIGGEST  OF  ALL  /A/  KANGE  OF  INDUSTKtAU  PRODCfCTS 
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LIBRARY 

(Continued  from  page  19) 

having  some  effect  and  with  more 
pressure  from  l)etter  trained  and 
equipped  librarians  to  offer  or  require 
such  courses,  some  provision  may  be 
more  generally  developed  in  the 
future. 

Engineering,  except  in  special  cases, 
such  as  government  work,  must  pro- 
duce a  profit.  Engineering  is  a  dom- 
inant part  of  our  industrial  organiza- 
tion and  competition  is  severe  and 
ruthless.  Although  the  fundamental 
laws  on  which  all  work  is  based  are 
constant,  modern  design  must  always 
reflect  an  improvement  over  existing 
thoughts  or  equipment.  The  fact  that 
engineering  is  so  closely  dependent 
upon  our  economic  structure,  and  that 
its  motive  is  so  predominantly  for 
profit,  greatly  affects  publications  in 
the  fields  of  engineering  literature. 

Much  of  the  research  done  by  a 
private  individual  is  not  written  for 
publication.  There  is  no  reason  for  an 
engineer  to  rush  into  print  with  the 
latest  invention  or  design  except  for 
advertising  purposes  and  then  only 
the  final  result  is  discussed  and  not 
the  method  of  accomplishing  it.  Much 
of  the  criticism  for  this  lack  of  pub- 
lication is  not  justified  since  an  article 
written  by  an  employee  of  any  of  our 
big,  modern  engineering  companies 
such  as  DuPont  or  General  Electric, 
must  be  approved  by  their  engineer- 
ing, publicity  and  legal  departments 
before  it  can  be  put  into  print.  The 
questions  of  who  are  the  writers  of 
engineering  publications  may  well  be 
expressed  in  the  differences  of  their 
type  of  employment — that  is,  the  em- 
ployees who  are  further  removed  from 
private  gain  are  those  who  write  most 
freely. 

This  is  one  reason  why  so  many  new 
engineering  achievements  are  pre- 
sented to  the  world  as  accomplished 
facts  with  no  advance  publication  of 
new  principles  involved.  This  policy 
holds  true  in  times  of  peace  as  well  as 
war.  Only  the  engineering  librarian 
realizes  intensely  that  the  situation 
exists  when  he  gets  repeated  requests 
for  information  wherein  the  inquirer 
insists  that  he  knows  that  the  work 
is  in  progress  and  cannot  understand 


why  it  is  not  available  in  print  in  the 
library.  Herein  lies  one  of  the  major 
differences  between  science  and  engi- 
neering. 

In  a  recent  survey  sponsored  by  the 
Carnegie  Corporation,  the  libraries  of 
thirty  technological  institutes  of  vari- 
ous types  were  found  to  be  on  the 
whole  neglected,  having  unsatisfac- 
tory quarters,  with  small  budgets  for 
books  and  periodicals  and  with  staffs 
much  too  small  to  handle  adequately 
the  heavy  burden  of  routine  work, 
with  a  resultant  confusion  in  the  rec- 
ords due  to  a  lack  of  trained  super- 
vision and  adequate  central  control. 
Librarians  of  technological  institutions 
are  generally  above  the  average  in 
ability  and  alertness  and  certainly  are 
hard  working  but  their  staffs  are  much 
too  small  to  handle  adequately  the 
heavy  burden  of  routine  work  and 
give  the  supplementary  service  a  stu- 
dent has  the  right  to  expect.^  Even 
larger  and  stronger  institutions  usual- 
ly have  small  budgets  for  the  purchase 
of  books  and  periodicals  and  a  com- 
parison of  expenditures  shows  that  lib- 
eral arts  colleges  spend  1.97  per  cent 
of  their  total  institutional  expendi- 
tures for  the  purchase  of  books  and 
periodicals  and  technological  colleges 
only  .785  per  cent.  Another  more  re- 
cent survey  of  eighteen  engineering 
school  libraries  in  the  Middle  Atlantic 
states  shows  a  similar  percentage  for 
library  expenditures  with  evidence 
that  as  a  rule  books  and  periodicals 
rather  than  salaries  received  the  bulk 
of  these  limited  budgets. 

Standard  text  books  and  important 
periodicals  are  the  basic  sources  of 
any  library  in  providing  a  complete, 
sure,  and  up-to-date  source  of  knowl- 
edge of  the  status  of  engineering  and 
related  sciences.  However,  engineering 
libraries  find  that  while  liooks  form 
the  background  of  what  has  been  ac- 
complished, since  they  present  in  per- 
manent form  generally  accepted  the- 
ories and  facts  which  often  have 
appeared  in  periodical  publications  at 
an  earlier  date,  in  the  fields  of  active 
development  such  as  science  and  tech- 
nology, periodials  which  provide  the 
most  important  sources  of  current  in- 


1  Barcus,  Thomas  R.  The  Carnegie  study  of  the  libraries 
of  technological  colleges.  Journal  of  Engineering  Education, 
V.  32,  1942.  p.  424-433. 


formation  have  pushed  the  book  into 
the  background.  The  result  is  that  the 
strength  of  such  a  library  is  more  ef- 
fectively measured  by  its  periodical 
content  than  by  the  size  of  its  book 
collection,  and  the  kind  and  number  of 
current  subscriptions  to  current  peri- 
odicals are  of  more  importance  than  ] 
the  inclusion  of  complete  sets  of  only  I 
a  few  titles.  The  Illinois  Institute  of 
Technology  library,  for  example,  re- 
ceives some  700  periodicals  currently, 
about  500  of  which  are  bound  for  the 
permanent  collection. 

Books  in  a  technical  library  have 
become  of  secondary  interest,  not  only 
for  the  fact  that  due  to  the  time  ele- 
ments necessary  for  writing,  publish- 
ing and  distributing  they  necessarily 
lag  behind  current  knowledge,  but  also 
because  with  the  exception  of  a  com- 
paratively few  classics,  their  use  is 
chieflv  for  instruction  and  for  quick 
reference.  In  the  past,  books  in  engi- 
neering fields  have  been  little  more 
than  texts  of  a  limited  appeal  provid- 
ing elementary  fundamentals  and  de- 
scription. Few  engineering  books  are 
read  through  from  beginning  to  end 
and  they  are  used  chiefly  as  sources  of 
information  on  specific  subjects.  For 
this  reason  most  technical  books  are' 
equipped  with  well-worked  out  in-  j 
dexes  and  it  logically  follows  that  to  1 
make  the  most  effective  use  of  these 
books  it  is  necessary  to  provide  not 
only  more,  but  more  specific  subject 
entries  in  the  card  catalog  to  make 
their  contents  readily  available.  Re- 
cently a  new  and  better  tendency  in 
technical  writing  and  pujjlishing  has  j 
developed  as  the  profession  as  a  whole  | 
has  become  aware  that  its  activities 
rest  upon  scientific  foundations  and 
depend  upon  related  fields  for  their 
development,  and  improvement  and 
durability  of  engineering  literature  is 
the  result. 

We  constantly  hear  that  our  sci- 
entific and  technical  books  lose  their 
value  more  quickly  than  the  average 
publications  and  certainly  the  need  is 
almost  always  for  the  latest  material, 
the  older  material  being  not  only  out- 
of-date  but  often  technically  wrong. 
Obsolescence  in  technical  material  is 
therefore  verv  high  and  five  years  of 

(Continued  on  page  36) 
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Television  gives  you  a  choice  seat  at  the  game. 


Television- a  Season  Pass  to  Baseball  I 


Every  home  game— day  or  night— played 
by  the  New  York  Giants,  Yankees  and 
Brooklyn  Dodgers  will  be  seen  over  tele- 
vision this  season! 

Owning  a  television  receiver  in  the 
New  York  area  will  be  like  having  a 
season  pass  for  all  three  hall  clubs.  And 
in  other  cities,  preparations  for  the  fu- 
ture telecasting  of  baseball  are  being 
made. 

When  more  than  one  home  game  is 
on  the  air,  baseball  fans  can  switch  from 
one  to  the  other  —  see  the  most  exciting 
moments  of  each  through  television! 

Those  who  own  RCA  Victor  televi- 
sion receivers  will  enjoy  brighter, 
clearer,  steadier  pictures  through  the 


RCA  Victor  Eye-Witness  picture  syn- 
chonizer  that  "locks"  the  receiver  in 
tune  \vith  the  sending  station. 

To  witness  baseball  or  any  other 
event  in  the  ever-growing  range  of  tele- 
vision programs  —  you'll  want  the  re- 
ceiver that  bears  the  most  famous  name 
in  television  today  —  RCA  Victor. 

When  you  buy  an  RCA  Victor  tele- 
vision receiver  or  radio,  or  Victrola 
radio-phonograph,  or  an  RCA  Victor 
record  or  a  radio  tube,  you  know  you 
are  getting  one  of  the  finest  products  of 
its  kind  science  has  achieved. 


Radio  Corporation  of  America,  RCA  Building, 
Radio  City,  New  York  20.  Listen  to  the  RCA  Vic- 
tor Show,  Sundays,  2  p.m..  Eastern  Daylight  Time, 
NBC  Network,  "Vidrola"  T.M.  Reg.  U.S.  Pat.  Off. 


Continue  your  education 
with  pay  — at  RCA 

Graduate  Electrical  Engineers:  RCA 

Victor— one  of  the  world's  foremost  manu- 
facturers of  radio  and  electronic  products 
—  offers  you  opportiuiity  to  gain  valuable, 
well-rounded  training  and  experience  at 
a  good  salary  with  opportunities  for  ad- 
vancement. Here  are  only  five  of  the  many 
projects  which  offer  unusual  promise: 

•  Development  and  design  of  radio  re- 
ceivers ( including  broadcast,  short  wave 
and  FM  circuits,  television,  and  phono- 
graph combinations). 

•  Advanced  development  and  design  of 
AM  and  FM  broadcast  transmitters,  R-F 
induction  heating,  mobile  communications 
equipment,  relay  systems. 

•  Design  of  component  parts  such  as 
coils,  loud-speakers,  capacitors. 

•  Development  and  design  of  new  re- 
cording and  reproducing  methods. 

•  Design  of  receiving,  power,  cathode 
ray,  gas  and  photo  tubes. 

Write  today  to  National  Recruiting  Divi- 
sion, RCA  Victor,  Camden,  New  Jersey. 
Also  many  opportunities  for  Mechanical 
and  Chemical   Engineers   and   Physicists. 


RADIO  CORPORATION  of  AMERICA 
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useful  life  is  probably  a  fair  estimate 
of  the  value  of  the  average  book.  New 
editions  of  a  title  are  also  more  preva- 
lent and  the  eight  editions  of  Johnson's 
Materials  of  Construction  in  forty-two 
years  (1898-1939)  is  not  an  exception. 
Quality  rather  than  quantity  would 
seem  to  be  the  best  objective  in  the 
development  of  the  collections  in 
libraries  attempting  to  secure  the  best 
and  latest  Ijooks  and  periodicals.  Since 
"best"  and  "largest"  are  not  synony- 
mous, the  goal  might  well  be  to  have 
every  item  needed  for  the  purpose  of 
the  specific  collection  and  not  a  single 
item  which  cannot  be  justified  by  use. 
The  annual  output  of  new  American 
scientific  and  technical  books  runs  be- 
tween 300  and  500  new  titles,  with  over 
100  new  or  revised  editions.  New  tech- 
nical and  scientific  books  are  usually 
bought  immediately  upon  the  publish- 
ers' announcements  rather  than  wait- 


ing for  the  regular  reviews  which  so 
often  appear  only  months  later,  with- 
out a  critical  examination  as  to 
whether  or  not  the  material  adds  to 
information  already  available  or 
whether  the  book  is  adequate  and  re- 
liable in  its  information.  Thus  the 
usual  book  selection  aids  become 
checks  rather  than  guides  for  buying. 
Such  technical  journals  as  Scienfe  and 
Mechnical  Engineering  carrv  informa- 
tion aliout  new  jjooks  in  some  form 
or  other,  but  very  few  of  them  have 
any  consistent  or  adequate  program 
for  providing  this  important  informa- 
tion and  complete  bibliographical  in- 
formation if  often  lacking. 

For  these  two  reasons,  the  high 
obsolescence  rate  and  the  means  used 
for  selection,  discarding  from  the  col- 
lection becomes  as  important  as  ac- 
quiring in  order  to  maintain  not  only 
adequate  but  useful  book  collections. 
There  is  not  only  the  problem  of  pro- 
viding the  latest  material  but  also  that 


of  keeping  only  the  correct  informa- 
tion since  the  literature  is  chiefly 
factual  and  descriptive  rather  than 
critical. 

The  stafl^s  of  engineering  libraries 
have  almost  always  been  well  under 
the  average  to  be  found  in  other  li 
braries  in  size,  training,  and  salaries. 
This  is  due  not  only  to  lack  of  interes 
on  the  part  of  administrators  and  fac 
ulty  but  also  to  the  fact  that  the  pro 
fessional  engineer  has  never  been  at 
tracted  by  the  lower  salaries  offered  to 
librarians.  It  has  generally  been  fel 
by  the  administrators  that  it  is  more 
satisfactory  to  teach  a  librarian  the 
needs  of  the  engineers  than  to  attempt 
to  teach  an  engineer  how  to  operate 
a  library.  With  the  recent  promotion 
of  engineering  libraries  and  the  de- 
velopment of  research,  the  staff  per- 
sonnel has  been  improved  and  in- 
creased generally,  although  much  re- 
mains to  be  done.  Older,  more  inbred 
(Continued  on  page  38) 
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Cottonseed  given  new  cliemical  protection 


SEED    PROTECTANT 

{CONTAINS       ZINC       TRtCHLOnOPHeNA.Tf) 


Tests  Show  Bigger  Yield  with  Dow  9-B  Seed  Protectant 

One  of  the  ehief  concerns  of  Dow  is  to  develop  chemicals  that 
protect  and  increase  America's  crops.  Recently  introduced  by  our 
Agricultural  Division  is  Dow  9-B  Seed  Protectant.  This  product  is 
used  to  disinfect  cottonseed  carrying  seed-borne  diseases  and 
protect  the  seed  and  new  seedlings  against  attacks  from  soil-borne 
bacteria  and  fungi.  Tests  of  this  material  indicate  bigger  yields 
with  less  seed  per  acre. 

Technicians  and  students  especially  attracted  to  agricultural 
chemistry  will  find  much  to  interest  them  in  this  division  of  Dow 
where  research  is  a  continuous  activity. 

Industrial  Chemicals     •     Agricultural  Chemicals 
Pharmaceutical  Chemicals     •     Magnesium     •     Plastics 


THE  DOW  CHEMICAL  COMPANY   .  MIDLAND,  MICHIGAN 

New  York        •        Boston        •        Philadelphia        •        Washington  •        Cleveland 

Detroit         •         Chicago         •         St.  Louis         •         Houston         •  San  Francisco 
•       Seattle 


CHEMICAL  COMMENTS 


Sprout  Stopper 

Ambitious  potatoes  don't  like  to  stop 
sprouting,  even  when  sprouting  means 
loss  of  weight,  food  value  and  market- 
ability. Chemists  at  Dow  have  produced 
a  sprout  inhibitor  that  really  says  Stop.' 
Its  use  also  means  that  potato  storehouses 
can  be  kept  warmer  .  .  .  potato  sugcir  con- 
tent stays  lower  .  .  .  potato  chips  keep 
their  blond  complexions,  sell  better.  It 
works  equally  well  with  carrots,  turnips 
and  other  root  crops.  (Naturally,  it's  not 
recommended  for  seed  potatoes.) 

Plastic  Insulation 

That's  Lighter-than-Cork 

Take  a  plastic  —  to  l)c  specific,  take  Dow 
polystyrene — air-expand  it  until  it  honey- 
combs into  a  rigid  material  that  is  even 
lighter  than  cork — and  you  have  Styro- 
foam.  It's  winning  new  laurels  in  the  low 
temperature  insulation  field  because  of  its 
high  efficiency,  extremely  light  weight, 
good  strength  and  excellent  stability.  This 
is  the  same  Styrofoam  used  to  advantage 
in  boats  and  canoes,  life  rafts,  beach  toys 
and  novelties.  It  floats,  and  stays  afloat, 
because  its  millions  of  tiny  air  cells  are 
individually  sealed. 

Caustic  Comment;  Did  you  know  that  caustic 
soda — one  of  man^s  most  widely  used  and  sorely 
needed  chemicals — is  the  pickling  ingredient  that 
takes  the  bitterness  out  oj  green  olives? 

New  Washable  Plastic  Paints 

The  wearable,  washable  characteristics  of 
plastics  are  now  given  to  new  plastic 
paints.  A  tough  protective  film  is  formed 
by  plastic  particles  that  bond  themselves 
together.  The  paint,  made  possible  by  a 
new  product  called  Saran  F-122  Latex, 
dries  extremely  fast  into  a  long-enduring 
glossy  finish.  These  paints  may  be  applied 
with  either  brush  or  spray  to  wood,  fibre- 
board,  metal  or  masonry. 

WhiflFs  and  Puffs 

Many  a  favored  brand  of  pipe  tobacco  is 
being  forsaken  for  the  new  tobacco  mix- 
tures with  a  tantalizing  blend  of  maple- 
licorice  plus  a  definite  suggestion  of  wal- 
nut. Secret  of  the  new  flavor  fillip  is  the 
Dow  aromatic  specialty,  Cyclotene  .  .  . 
one  of  many  man-made  aromatics  bringing 
forth  new  scents  and  tastes  in  soaps,  cos- 
metics, flavors  and  perfumes. 

Further  injormation  on  any  oj  these  chemical 
developments  is  available  on  request. 


Dovs^ 


CHEMICALS    INDISPENSABLE 
TO    INDUSTRY    AND    AGRICULTURE 
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Not  Many  Buildings  Yet 
. . .  But  Plenty  of  Lumber 

When  our  clearing  yard  and  mill  burned  last  October,  we 
had  to  build  from  the  ground  up.  Today  our  buildings  and 
manufacturing  facilities,  while  not  yet  back  to  pre-fire  levels, 
are  growing  fast. 

Our  lumber  stocks,  however,  are  more  complete  than  be- 
fore. You  are  pretty  sure  to  find  the  kind  of  industrial  lumber 
you  need,  right  now,  in  Schenk's  large  stock.  And  Schenk 
service  is  still  good.  Call  Hemlock  3300. 

SKIDS . .  PALLETS . .  CABINETS . .  TRAYS . .  CRATES . .  FRAMES . .  BOXES . .  SPECIAL  SHAPES 
rURNITURE  .  .  WOOD   FIXTURES  .  .  FULL  LINE  OF  LUMBER  AND  BUILDING  MATERIALS 

Specialists  in  Serving 
Industrial  Accounts 


LUMBER 

COMPANY 

BEDI  So. CENTRAL  Ave. 

HEMLOCK, 
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institutions  are  slower  and  more  re- 
luctant to  change  and  to  admit  the 
need  for  providing  better  libraries  but 
even  these  institutions  are  feeling  the 
need  to  develop  their  libraries  in  order 
to  provide  their  faculties  with  facilities 
for  continued  research  and  study,  and 
their  students  with  material  for  prepa- 
ration in  writing  reports  and  for  read- 
ing outside  of  text  books. 

Much  has  been  done  in  the  past  five 
years  to  improve  not  only  the  status  of 
these  libraries  but  their  collections, 
service  and  staffs  as  well.  In  1940,  en- 
gineering school  librarians  organized 
sections  within  the  American  Library 
Association  and  the  American  Society 
for  Engineering  Education  to  promote 
a  better  recognition  not  only  of  their 
purposes  and  needs  but  also  of  the 
necessity  of  supplying  this  library 
service  to  engineers.  The  section  of  the 
American  Library  Association  is  in- 
terested in  developing  the  standards 
of  library  service  in  engineering 
schools  and  that  of  the  American  So- 
ciety for  Engineering  Education  aims 
more  towards  a  better  co-ordination 
of  the  library  within  the  curriculum, 
and  the  development  of  the  teaching 
function  of  the  library  by  more  or  less 
formal  instruction  in  the  use  of  the 
library  facilities.  A  similar  group  with- 
in the  Special  Libraries  Association 
constitutes  the  largest  section  numer- 
ically l)ut  its  membership  has  more  of 
an  industrial  background  and  is  inter- 
ested in  the  exchange  of  ideas  and 
materials  and  techniques  rather  than 
the  Ijroader  principles  of  develop- 
ment. 

Thus,  with  the  development  of  en- 
gineering literature,  the  awareness  of 
the  need  for  libraries  in  order  to  have 
this  material  readily  accessible  and  to 
provide  more  instruction  to  engineers 
in  the  use  of  libraries  and  the  proper 
procedures  for  library  research,  the 
prospect  for  better  and  more  complete 
libraries  with  improved  staffs  and 
quarters  seems  hopeful.  Their  future 
development  depends  to  a  large  de- 
gree upon  the  extent  to  which  engi- 
neers themselves  make  use  of  library 
facilities. 
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fine  cheese  tastes  all  the  finer 
wlicn  enjoyed  with  Ijlcnded-splen- 
did  Pahst  Blue  Rihhon.  Not  too 
heavy... not  too  light... but  with 
therealbeerflavorcomingthrough 
just  the  way  you  like  it . . .  this 
truly  great  beer  is  the  ever  reward- 
ing result  of  the  careful  blending 
of  never  less  than  33  fine  brews. 
That's  why  you  can  always  order 
it  with  confidence  . . .  serve  it  with 
pride  . . .  sure  that  it  will  add  to 
the  enjoyment  of  good  food  .  . . 
multiply  the  delight  of  good  living. 


Jl^^i^ 
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short  facts  about  long-lived  cable 


•  In  Okonite  cables,  copper  conductors  are  effectively 
protected  by  Okoloy  coating  which  outlasts  tinning 
at  least  2  to  1.  The  Okonite  Company,  Passaic,  N.  J. 


look  for  the 
single         —         ridge 


OKONITE 

insulated  wires  and  cables 
for  every  electrical  use 


THE  INTERNATIONAl  STANDARD  OF  EXCEUENa 

SINCE  1880 
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GRADUATE  SCHOOL 
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facilities.  Knowledge  of  the  physical 
universe  must  be  based  upon  physical 
experiments,  but  many  great  strides 
have  been  made  by  analysis  based  on 
the  experiments  and  laws  developed 
by  others.  In  this  respect  mathematical 
developments  find  their  greatest  use- 
fulness. Obviously  no  college  or  uni- 
versity can  maintain  elaborate  re- 
search laboratories  in  all  its  fields  of 
endeavor.  It  must  start  with  modest 
beginnings  and  add  to  its  facilities  as 
need  arises  and  as  conditions  and  fi- 
nances permit. 

Often  the  investigations  of  college 
laboratories  and  research  workers  are 
of  direct  interest  to  industry  and  may 
well  find  direct  support  from  industry. 
The  applied  problems  of  immediate 
interest  and  commercial  importance 
are  usually  best  solved  in  industry  or 
industrial  research  laboratories  de- 
voted to  the  immediate  solution  of 
specific  problems.  However,  the  long- 
term  quest  of  new  basic  knowledge 
flourishes  best  in  an  atmosphere  free 


from  commercial  urgency,  where  the 
path  may  be  followed  wherever  it 
leads.  In  this  respect  the  college  lab- 
oratory is  often  the  best  if  not  the  only 
means  of  conducting  this  type  of  re- 
search adequately.  Progress  in  funda- 
mental development  is  the  best  pos- 
sible insurance  of  later  industrial 
prosperity,  as  the  fundamental  de- 
velopments of  today  lay  the  basis  for 
new  industries  to  come.  The  desir- 
ability of  more  adequate  support  for 
college  laboratories  and  college  re- 
search has  been  recognized  bv  the 
federal  government  and  particularly 
the  armed  forces  which  are  currently 
assisting  in  the  support  of  many  re- 
search projects. 

Although  college  laboratories,  once 
established,  provide  facilities  which 
may  often  be  used  advantageously  for 
applied  research  projects,  sight  should 
not  be  lost  of  the  primary  purpose  of 
college  research  activity,  the  improve- 
ment of  advanced  instruction.  The  re- 
sults of  the  research  should  be  made 
public,  and  in  general  the  patents,  if 
any,  which  result  should  be  admin- 
istered by  the  college  in  the  public 


interest.  Graduate  students  should  be 
used  in  the  work  to  provide  training 
for  them  in  the  conduct  of  research, 
and  usually  some  phase  of  the  activity 
should  be  suitable  for  the  student's 
thesis. 

Research  activity  which  does  not 
conform  to  these  general  principles 
may  be  of  the  greatest  value  to  industry 
or  to  the  public  generally,  but  it  is  no 
longer  primarily  part  of  the  educa- 
tional activity,  and  it  may  preferably 
be  separated  from  the  instructional 
departments  into  a  separate  depart- 
ment or  separate  institution  alto- 
gether. 

The  Graduate  School  of  Illinois  In- 
stitute of  Technology  sponsors  a  num- 
ber of  specialized  laboratories,  al- 
though the  active  administration  is 
under  the  direction  of  the  correspond- 
ing instructional  departments.  Among 
these  may  be  mentioned:  the  Catalysis 
Laboratory,  stuflying  petroleum  prod- 
ucts, in  the  Department  of  Chemical 
Engineering;  the  Corrosion  Labora-  ; 
tory,  studying  the  fundamental  prob-  i 
lem  of  corrosion,  in  the  Department 
(Continued  on  page  42) 
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nu  aessaie  originally  apptand  In  thi  Trinton  (New  Jersey)  Timei  Advertiser. 


MT  M  ill  SEE  II  YOUR 


T 


|RENTON  BY  ORIGIN  is  a  crossroads  — a  community  of  people  drawn  together  from 
the  four  corners  of  the  earth  by  any  one  of  a  number  of  attractions. 


Being  a  part  of  this  growing  neighborhood  is  a  responsibility,  for  its  interests  are  your 
interests  —  its  friends,  your  friends  —  its  enemies,  your  enemies. 

There  was  a  time  when  cities  like  Trenton  were  protected  against  attack  by  great  walls 
and  strong  gates.  Today's  assailants  cannot  be  kept  out  by  such  primitive  methods. 
They  come  into  our  midst  like  invisible  Trojan  horses,  and  their  only  weapons  are 
theories  and  glib  tongues. 

Disguised  as  friends,  they  reveal  themselves  only  after  they  have  assembled  enough 
followers  to  attack  from  within;  when  it  is  too  late  for  us  to  do  anything  about  it. 

Their  methods  are  simple:  They  work  with  us,  agree  with  our  ideals,  and  sympathize 
with  our  troubles.  When  they  have  won  our  confidence,  when  they  have  succeeded  in 
getting  themselves  appointed  to  committees,  and  elected  to  offices... they  turn  upon  us. 
Like  the  amiable  tourists,  who  suddenly  donned  enemy  uniforms,  during  the  last  war, 
they  attack  when  we  least  expect  it . . .  when  we  are  helpless  against  them.  They  usually 
begin  by  labeling  our  time-tried  leaders  with  names  which  insure  their  downfall — but 
which  describe  the  intruders  best  —  and  having  succeeded  in  ousting  our  leaders,  they 
take  over. 

Is  it  too  late  to  do  what  stone  walls  and  strong  gates  could  not  do?  Do  we  want  these 
dangerous  men  in  our  country,  in  our  clubs,  in  our  unions,  in  our  businesses  and  in 
our  government? 

Let  the  man  who  wants  to  hold  office  identify  himself.  Let  the  man  who  wants  to  live 
with  us  and  work  with  us,  reveal  his  purpose.  Let  the  man  who  wants  to  have  a  voice 
in  our  affairs,  disclose  his  ambitions  and  ideals. 

It  is  our  duty  to  know  our  neighbors.  We  only  can  trust  them  when  we  do.  "Good 
fences  make  good  neighbors"  and  good  neighbors  make  good  cities— good  governments 
—  good  unions— good  businesses— good  citizens 


JOHN  A.  ROEBLING'S  SONS  COMPANY 

TRENTON  2,  NEW  JERSEY 

Manufacturers  of  Wire  Rope  and  Strand  •  Fittings  •  Slings  •  Aircord,  Aircord  Terminals  and  Air  Controls  •  Suspension  Bridges  and  Cables  ■  Aerial  Wire  Rope  Systems 

Electrical  Wire  and  Cable  •  Hard,  Annealed  or  Tempered  High  and  Low  Carbon  Fine  and  Specialty  Wire,  Flat  Wire,  Cold  Rolled  Strip  and  Cold  Rolled  Spring  Steel 

Ski  Lifts  •  Screen,  Hardware  and  Industrial  Wire  Cloth  •  Lawn  Mowers 
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(Continued  from  page  40) 

of  Chemistry;  the  Engine  Research 
Lahoratory,  studying  the  proljlem  of 
engine  noise,  and  the  Heat  Transfer 
Laboratory,  studying  the  general  prob- 
lems of  heat  transfer,  both  in  the 
Department  of  Mechanical  Engineer- 
ing; the  A-C  Network  Calculator  Lab- 
oraotry,  devoted  to  the  study  of  elec- 
tric power-system  problems,  in  the 
Department  of  Electrical  Engineering, 
and  operated  Ijy  the  Armour  Research 
Foundation;  and  the  Electron  Micro- 
scope Laboratory,  in  the  Department 
of  Physics.  Other  special  equipment 
is  also  devoted  largely  to  research. 

The  Institute  welcomes  industrial 
support  for  the  conduct  and  expansion 
of  its  fundamental  research  activities, 
but  retains  the  right  of  publication  of 
tlie  results  after  review,  if  requested, 
bv  the  sponsors  of  individual  projects. 
In  general,  patent  rights  also  remain 
with  the  Institute,  although  royalty- 
free  licenses  may  be  granted  to  spon- 
sors who  have  provided  substantial 
support  for  individual  projects.  In 
special  cases,  if  sponsors  underwrite 


the  entire  research  costs,  patent  rights 
may  be  assigned  provided  assurance 
is  given  that  the  patents  will  be  ad- 
ministered in  the  public  interest. 

One  form  of  support  for  research 
which  has  proved  attractive  is  the 
establishment  of  research  fellowships. 
The  fellowship  provides  a  stipend  for 
the  fellow,  the  tuition  costs,  and  in 
many  cases  an  allowance  for  special 
equipment  whicli  may  be  needed  i:i 
the  research.  Frequently  the  fellow- 
ship is  made  available  to  employees 
of  the  company  offering  it,  with  the 
expectation  that  the  successful  candi- 
date will  return  to  the  employ  of  the 
company  after  completion  of  his  pro- 
gram. With  tlie  aid  of  such  a  fellow- 
ship the  student  may  devote  full  time 
to  his  studies  and  research,  without 
the  necessity  of  part-time  employ- 
ment in  teaching  or  other  work  to  pro- 
vide subsistence.  Fellowships  of  vari- 
ous types  have  been  provided  by  the 
Westinghouse  Educational  Founda- 
tion, the  Allis-Chalmers  Manufactur- 
ing Company,  the  LTniversal  Oil  Prod- 
ucts Company,  the  Standard  Oil  Com- 
pany  of   Indiana,   and   the   American 


Steel  Foundries. 

During  the  ten  years  since  the  estab- 
lisliment  of  the  Graduate  School  163 
degrees  of  Master  of  Science  and  11 
degrees  of  Doctor  of  Philosophy  have 
Ijeen  awarded.  The  present  enrollment 
includes  145  students  in  day  programs, 
449  students  in  evening  programs,  and 
86  students  in  graduate  extension  pro- 
grams. Of  the  present  students,  40 
expect  to  receive  degrees  in  June,  1947 
— 34  master's  degrees  and  6  doctor's 
degrees. 

All  phases  of  the  Institute's  activ- 
ities and  facilities  have  greatly  ex- 
panded during  this  same  ten-year 
period  and  many  men  of  outstanding 
reputation  have  developed  or  joined 
the  staff.  This  growth  may  be  expected 
to  continue  with  corresponding  expan- 
sion of  graduate  work.  As  graduate 
work  in  additional  fields  of  instruc- 
tion is  expanded  and  organized  into 
com])reliensive  programs,  advanced 
degrees  will  be  offered  in  these  fields 
also.  Every  effort  will  be  devoted  to 
insuring  that  the  Graduate  School  does 
its  part  in  maintaining  the  all-around 
develo])nient  of  the  Institute. 


Mountain 

to 
Mohammed  ••• 

20th  century  version 


Immovable  as  Mohammed's  mountain  is  the  orthodox 
power  plant  for  a  fair-sized  eity.  Yet  when  power  facilities 
were  l>onil>e<l  out  in  Anlw<'rp,  Manila,  Ghent,  the  power 
]»laiit  caiiK'  to  th<'m...the  in(»untain  to  M(»ha]nnied. 

Appearing  on  short  notice  in  the  harbors  of  these  dev- 
astated cities,  floating  central  stations,  boilere<l  by  B&W, 
each  with  a  cargo  of  30,000  kilowatts,  brought  relief  months 
before  stationary  power  plants  could  be  rebiiill.  At  home, 
in  other  emergencies,  they  brought  succor  to  Jacksonville 
...  to  Pensacola . . .  Vickshurg. . . 

There  arc  lots  of  problems  in  building  h(»ilers  for  central 
stations  that  hop  about.  The  ships  must  be  designed  for 


passage  through  narrow  locks  and  channels.  Boiler  weight 
and  size  must  be  pared  down  to  make  room  for  plenty  of 
fuel ..  .boiler  cfTu'icncy  kept  high  to  make  fuel  last. 

B&W  built  the  boilers  for  the  first  floating  power  plant, 
has  built  others  like  them  since.  In  this,  as  in  its  pioneering 
work  in  many  fields,  B&W  illustrates  its  two  major  re- 
sources: the  long  experience  of  the  past. ..its  engineering 
vision,  the  courage  to  have  new  ideas. 

B&W  olTcrs  technical  graduates  excellent  career  op- 
portunities in  diversified  fields  of  manufacturing,  sales, 
engineering  and  research. 


THE  BABCOCK  &  WILCOX  CO. 


85      LIBERTY      STREET, 
NEW     YORK     6,     N.     Y. 
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How  our  research  engineers  grow  plants 


The  growing  of  plants  is  one  of  Standard  of  Indiana's 
chief  concerns,  and  it  keeps  our  engineers  up  to 
their  necks  constantly  in  big  league  problems.  For 
ours  is  a  business  of  change — it  never  stands  stiU. 
Always  there  are  new  methods,  new  processes,  new 
products  and  improvements. 

New  structiu*es  are  required,  new  units,  often  en- 
tirely new  plants.  From  the  time  a  new  plant  is  an 
idea  in  a  designer's  mind  until  after  it  is  finally 
junked,  the  research  engineer  has  a  vital  part. 

It  is  up  to  him  to  develop  any  needed  new  mate- 
rials to  meet  new  operating  conditions.  Tempera- 
tures may  be  as  low  as  the  —320°  F.  of  Uquid  nitro- 
gen or  as  high  as  the  2300°  F.  of  a  gas  generator. 
Pressures  may  be  high  or  low  and  corrosion  is  usu- 
ally a  problem  of  major  importance. 

The  stresses  in  comphcated  structures  required 
for  new  equipment  frequently  cannot  be  calculated 
by  conventional  methods  of  analysis.  Research  en- 
gineers, trained  in  mechanics,  must  develop,  experi- 
mentally and  theoretically,  new  methods 
to  apply  to  such  structures. 

Prior  to  the  construction  of  the  plant, 
research  engineers,  trained  in  mechanical 
and  electrical  engineering,  must  study  in 
the  laboratory  such  problems  as  heat  trans- 


fer, fluid  flow,  power  reduction,  and  noise  elimina- 
tion. Later,  they  wiU  check  their  theories  and  ex- 
periments by  tests  in  the  plant  itself. 

For  checking  the  physical  parts  of  the  plant,  new 
inspection  methods — including  such  glamorous  ones 
as  the  x-ray  and  ultra-sonics — will  be  required.  Our 
physicists  wiU  develop  them. 

And  with  the  plant  in  operation,  there  comes  the 
battle  against  deterioration — into  which  corrosion 
engineers  throw  their  full  weight.  It's  a  fight  not 
only  to  lengthen  the  life  of  plants  in  operation  but 
also  to  discover — even  after  a  plant  is  junked — how 
succeeding  ones  can  be  built  to  last  longer. 

Research  engineering  is  of  prime  importance  to 
Standard  OU  of  Indiana.  That  is  why  a  magnificently 
equipped  Engineering  Laboratory  wUl  be  part  of 
our  new  Research  Center,  now  under  construction 
close  to  the  Whiting,  Indiana,  refinery,  near  Chicago. 


STANDARD    OIL    COMPANY   (Indiana) 

910  South  Michigan  Avenue 
Chicago  80,  Illinois 


MAY,    1947 


43 


SAFETY 

(Continued  from  page  22) 
attitude  and  to  assume  that  "accidents 
are  bound  to  happen." 

Industrial  concerns  have  learned 
that  accidents  can  l)e  prevented  by  a 
recognition  of  the  specific  mechanical 
conditions  and  unsafe  acts  which  lead 
to  them,  plus  the  application  of  cor- 
rective measures.  The  industrial  acci- 
dent record  has  been  improved  greatly 
wherever  that  positive  attiude  has  been 
applied  to  the  problem.  There  is  no 
reason  why  the  home  accident  menace 
should  not  respond  to  the  same  type  of 


attack.  Architects,  contractors,  and 
manufacturers  of  home  equipment  and 
appliances  can  do  much  to  improve 
the  safety  of  dwellings  if  they  will  de- 
vote as  much  attention  to  the  known 
causes  of  home  accidents  as  they  do  to 
appearance.  So  far,  appliance  manu- 
facturers appear  to  have  given  greater 
consideration  to  this  field  of  safety 
than  any  of  the  others  mentioned. 
However,  the  architect  is  in  a  position 
to  do  the  greatest  service  in  home  acci- 
dent prevention. 

The    basic    design    of    the    typical 
American  home  makes  it  a  trap  in  case 


Keeps  pace  with  your 
steam  production  needs 

In  demand  by  steam  plant  operators,  is 
coal  with  low  overall  cost,  flexibility  .  .  . 
often  higher  possible  boiler  ratings.  All 
three  features  may  be  found  in  SP  coal 
which  is  demonstrating  these  very  things 
in  many  hundreds  of  plants.  "SP"  should 
stand  for  Smooth  Production  in  your 
plant  for  competitive  postwar  years. 
Mined  in  Southern  and  Central  Illinois. 


7-Step  SP  refineries  talce 
out  impurities,  wash  and 
size   coal    to    set    standard 


PEABODY   COAL  COMPANY 

Established  1883 

231   South  LaSalle  Street,  Chicago  4,  Illinois 

Sales  Offices: 
SPRINGFIELD  •  ST.  LOUIS  •  OMAHA  •  MINNEAPOLIS  •  CINCINNATI  •  NEW  YORK 


of  fire.  Smoke,  gas,  and  heat  from  a 
basement  blaze  can,  and  do,  rush  from 
cellar  to  upper  floors  of  the  average 
dwelling  so  rapidly  that  victims  die 
in  the  upstairs  rooms  before  they  can 
escape.  There  is  no  reason  why  homes 
cannot  be  constructed  to  discourage 
such  rapid  spread  of  flames  and  gases. 

By  better  construction  and  arrange- 
ment, many  of  the  serious  falls  on 
stairways  could  be  avoided.  Statistics 
show  that  a  considerable  percentage 
(twenty-three  percent  in  the  Cook 
County  Hospital  study)  of  all  home 
accidents  result  from  stairway  falls. 
Not  all  of  them  can  be  prevented  by 
safe  construction,  ))ut  observation  of 
American  Standards  Association  safety 
codes  will  at  least  eliminate  enough 
of  them  to  improve  the  situation  con- 
siderably. 

Other  accidents,  traceable  to  heat- 
ing equipment,  exposed  hot  pipes, 
stuml)ling  hazards,  lack  of  headroom, 
faulty  electrical  installations,  etc. 
could  be  prevented  by  more  safety- 
minded  forethought  on  the  part  of  the 
architect  or  builder  who  had  control 
over  the  original  specifications. 

This  article  does  not  attempt  in  any 
way  to  place  all  the  blame  upon  the 
architect  or  builder  for  the  serious 
home  accident  situation.  It  is  well 
recognized  that  human  errors  con- 
tribute heavily  to  the  majority  of  acci- 
dents. However,  a  situation  as  costly 
and  menacing  as  this  calls  for  every 
possible  effort  on  the  part  of  everyone 
concerned. 

American  homes  can  be  made  more 
safe  with  no  sacrifice  of  appearance 
or  utility  or  cost.  Educators  are  now- 
adays placing  increased  emphasis  upon 
the  need  for  training  pupils  of  ele- 
mentary and  secondary  schools  in  safe 
practices  —  which  is  encouraging. 
Finally,  the  individual  householder 
can  remedy  the  situation  by  accepting 
the  simple  fact  that  accidents  are  not 
l)ound  to  happen. 

The  home  can  be  as  safe,  or  safer, 
than  the  work  place  and  will  be  when 
it  is  realized  that  unsafe  arrangement, 
disorder,  lack  of  repairs,  makeshift 
tools,  and  inferior  equipment  are  not 
only  poor  economies,  but  deadly  ene- 
mies to  the  American  family. 
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Constant  High  Quality 

M'th  Uniform 

CrSi$  heatm 


Uniform  heat,  at  precise  temperatures,  assures  the 
constant  high  quality  of  Maendler  paint  brushes. 
Three  automatic,  clock-controlled  vulcanizing  ovens 
guarantee  the  exact  time-temperature  relationship  for 
sealing  set-in-rubber  bristles;  GAS,  dependable  heat 
source  for  toughest  industrial  heating  problems,  in- 
sures uniform  oven  temperatures. 

The  controllability  of  GAS  proved  an  asset  to 
production  at  the  Maendler  plant.  By  charging  the 
ovens  at  the  end  of  the  normal  working  day,  one 
extra  vulcanizing  cycle  can  be  completed  after-hours 
.  .  .  with  automatic  time  and  safety  controls  substi- 
tuting for  the  operator. 

Efficiency  of  Gas-Fired  Equipment,  and  economy  of 
GAS  for  industrial  heating,  have  been  demonstrated 
in  thousands  of  applications  as  unusual  and  inter- 
esting as  this  vulcanizing  process. 


Photo  by  DESP.ATCH  OVEN  COMPANY 
Minneapolis,  Minnesota 

Brushes  by  MAENDLER    BRUSH    MANUFACTURING 
COMPANY,    INC.,  St.  Paul,  Minnesota 
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MARGARET  MANN 

(Continued  from  page  23) 
1900,  she  was  made  assistant  librarian. 

It  was  in  these  years,  1897  to  1902, 
at  the  library  of  the  University  of  Illi- 
nois, that  Miss  Mann  began  special- 
ization within  the  field  of  library  sci- 
ence, in  cataloguing  and  classification. 
Dr.  Bishop,  thinking  of  Miss  Sharp, 
wrote  of  Miss  Mann,  "It  is  the  reward 
of  a  great  teacher  to  have  a  few  unusual 
pupils  who  carry  on  and  enlarge  his 
own  conception  of  his  life  work."  Dur- 
ing her  own  lifetime.  Miss  Sharp  was 
able  to  see  this  made  an  actuality  by 
Miss  Mann. 

Her  work  in  cataloguing  and  class- 
ification brought  her  to  the  attention 
of  Edwin  Anderson,  then  librarian  of 
the  Carnegie  Library  at  Pittsburgh 
and,  in  1902,  he  persuaded  Miss  Mann 
to  come  to  Pittsburgh  to  carry  on  her 
work  there.  The  Carnegie  LiJjrary  is 
distinguished  among  the  great  libraries 
of  the  United  Slates.  Under  Miss 
Mann's  personal  supervision  and  direc- 
tion, a  classified  and  annotated  cata- 


logue was  published.  This  work  was 
on  a  large  scale,  and  was  carried  on  in 
the  face  of  almost  insurmountable 
practical  difficulties.  The  impressive 
array  of  volumes,  the  visual  result  of 
Miss  Mann's  supervisory  effort,  is  still 
used  for  review  by  other  libraries.  Dr. 
Bishop  wrote  of  this  undertaking  by 
Miss  Mann,  "She  supervised  the  publi- 
cation of  the  classified  catalogue  of  the 
Carnegie  Library  of  Pittsburgh,  which 
was  and  remains,  one  of  the  finest  of 
its  kind." 

Miss  Mann,  while  at  the  Carnegie 
Library,  served  under  four  directors. 
One  of  these,  Mr.  Harrison  Carver,  had 
been  called  to  the  LJnited  Engineering 
Societies  Library  in  New  York.  A  trib- 
ute to  her  enterprise  and  ability  was 
Mr.  Carver's  request  to  her  that  she 
join  him  in  New  York  in  1919  to  assist 
in  merging  the  various  elements  of  the 
society  libraries  into  the  new  organ- 
ization. The  services  of  these  libraries 
were  at  the  call  of  a  most  exacting 
clientele — engineers  who  required  the 
most  exact  and  up-to-date  data.  That 


Miss  Mann  succeeded  in  her  assign- 
ment is  attested  by  the  fact  that  the 
United  Engineering  Societies  Library 
is  today  foremost  in  its  field. 

World  War  I  caused  disruption  of 
many  European  libraries  to  an  extent 
that  seemed  almost  beyond  repair. 
The  rehabilitation  of  the  French  li- 
braries was  carried  on  chiefly  through 
American  effort  and  initiative.  Lead- 
ing in  this  effort  were  the  figures  of 
Sarah  Bogle  and  Mary  Parsons.  There 
was  established  in  Paris  under  their 
direction,  the  American  Ecole  des 
Bibliothecaires.  They  sought  to  bring 
to  the  librarians  of  Europe,  particular- 
ly France,  the  work  initiated  in  the 
American  libraries.  The  pupils  were 
chiefly  French,  but  there  was  a 
sprinkling  of  other  Europeans  in  the 
classes.  Work  was  conducted  in  French. 
In  1924,  Miss  Mann  received  an  invita- 
tion to  come  to  the  Ecole  in  Paris  to 
teach.  Her  pre-eminence  in  the  field  of 
classification  and  cataloguing  was  be- 
ing recognized  not  only  in  her  own 
(Continued  on  page  48) 
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systems  and  fittings  for 
every  conceivable  re 
quirement. 


Tlatiofial  Electric 


BoK    877—  Piitsburqh  3S? ,  Pa. 


IMPROVE  PRODUCTION 
ON  SMALL  PARTS  MILLING 


Adaptable  to  a  wide  variety 
of  work-holding  fixtures,  the 
No.  000  enables  manufac- 
turers to  cut  milling  costs. 
View  below  shows  a  set-up 
for  milling  flutes  in  4  taps 
simultaneously. 

BROWN    &   SHARPE   MFG.   CO. 
Providence  1,  R.  I. 
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How  many  times  did  we  meet  today? 


M 


When  you  took  your  shower 


and  combed  your  hair  .  .  . 


3  ^ 

drove  your  automobile passed  a  steel  mill .  .  . 


crossed  the  railroad bought  a  moth  preventive  .  .  . 


Chances  are,  you  were  seeing  evidences  of 
Koppers  engineering  and  chemical  skills. 

1.  Koppers  chemicals,  derived  from  coal,  for  use  in  making  certain 
types  of  soap.  2.  Koppers  chemicals  used  in  making  plastic  combs. 
3.  Koppers  American  Hammered  Piston  Rings.  4.  Coke  ovens,  de- 
signed and  built  by  Koppers.  5.  Railroad  crossties,  pressure-treated 
by  Koppers  to  resist  decay.  6.  Koppers  Hex...  new,  efficient  moth 
protection.  Koppers  makes  all  these...  and  many  more  useful  things 
besides.  All  are  identified  by  the  Koppers  trade-mark,  the  symbol  of 
a  many-sided    service.    Koppers    Company,   Inc.,  Pittsburgh    19,   Pa. 


KOPPERS 
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Hansell-Elcock   Company 

Fabricators  of  Structural  Steel 
Manufacturers  of  Gray  Iron  Castings 


GENERAL    OFFICE:    485  WEST    23rd    PLACE 
CALumet   7000  CHICAGO   16 


(Continued  from  page  46) 
country  Ijut  also  abroad.  The  thought 
of  teaching  in  Paris  charmed  her,  but 
she  could  not  speak  French.  De- 
termined to  accept  this  tempting  offer, 
she  mastered  colloquial  French  in  an 
incredibly  short  time  and  went  over- 
seas. That  she  did  a  notable  service  in 
her  teaching,  bringing  to  her  sul)ject 
ihe  sparkling  humanism  of  her  own 
personality,  can  be  attested  by  the 
friendships  she  formed  in  her  classes. 
Two  most  interesting  years,  1924  to 
1926,  were  spent  in  France. 

In  1926,  the  University  of  Michigan 
determined  upon  the  creation  of  a  De- 
partment of  Library  Science  under  the 
direction  of  Dr.  William  Warner 
Bishop  and  liis  first  choice  as  a  member 
of  his  staff  was  Miss  Mann.  She  was 
appointed  assistant  professor  of  li- 
brary science  in  the  fall  of  1926  and 
in  1928  was  appointed  associate  pro- 
fessor. This  position  she  held  until 
her  retirement  as  associate  professor 
emeritus  in  1938. 


Professor  Mann  came  out  of  retire- 
ment to  attend  a  special  dinner  ten- 
dered in  her  honor  at  Ann  Arbor  by 
the  Alumni  Association  of  the  Library 
of  Science  Department  of  the  LTni- 
versity,  on  the  occasion  of  the  found- 
ing of  a  scholarship  in  her  name.  The 
Mann  Scholarsliip  Fund  was  estab- 
lished for  the  benefit  of  students  in  the 
department. 

Professor  Manns  philosophy  of 
teaching  is  expressed  in  the  words  of 
one  of  her  many  articles,  "The  Teach- 
ing of  Technical  Processes,"  in  which 
she  writes,  "The  transmission  of  ideas 
and  ideals  from  one  mind  to  another 
through  the  medium  of  books  places 
the  library  in  a  commanding  position 
— commanding  because  of  its  unlim- 
ited resources,  its  storehouse  of  in- 
formation, inspiration  and  culture." 
Her  published  works  and  articles  num- 
ber a  score.  In  1926,  the  American 
Library  Association,  attempting  to 
raise  the  standards  of  librarianship,  in 
part  by  providing  new  textbooks  for 


use  in  library  schools,  commissioned 
Professor  Mann  to  write  the  textbook 
on  cataloguing  and  classification.  This 
work  was  published  in  1930. 

Dr.  Bishop  wrote  of  Professor  Mann, 
"She  combines  in  an  unusual  fashion 
ability  as  a  teacher,  forcefulness  in  pre- 
senting her  subject,  and  patience  in 
dealing  with  those  facing  a  wholly  new 
discipline.  She  has  been  a  powerful 
force  in  producing  thoroughly  trained 
librarians." 

Professor  Mann,  in  concluding  some 
reminiscences  of  her  early  college  days 
at  Armour  wrote,  "What  I  got  out  of 
my  work  at  Armour  was  a  first  glimpse 
■  in  organization."  It  was  this  "first 
glimpse"  combined  with  her  initiative 
and  ability  that  enaljled  her  to  carry 
on  work  at  such  great  library  systems 
as  the  LTniversity  of  Illinois,  Carnegie, 
The  LInited  Engineering  Societies,  the 
Ecole  des  Bibliothecaires  in  Paris,  and 
lastly  at  the  library  of  the  LTniversity 
of  Michigan. 

Earl  C.  Kubicek 
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BUSINESS  IN  MOTION 
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Nearly  a  year  ago  a  Revere  advertisement  drama- 
tized tlie  remarkable  lightness  of  truck  bodies  made 
of  magnesium  alloys  by  use  of  a  whimsical  illustra- 
tion of  a  husky  chap  lifting  the  rear  of  a  truck  while 
another  changed  a  tire.  We  at  Revere  and  many 
other  people  were  amused  by  what  everybody  thought 
was  an  amusing,  but  impossibly  exaggerated  drawing. 

However,  it  was  not  so  exaggerated  as  we  thought. 
Recently  a  company  making 
truck  bodies  of  Revere  magne- 
sium reported  an  accident  to  a 
truck  operated  by  one  of  its  cus- 
tomers. This  is  what  happened, 
in  the  words  of  the  body-builder's 
letter: 

"The  truck,  jiilly  loaded  with 
bread,  was  hit  by  another  vehicle 
and  knocked  down  a  ten-joot  em- 
bankment. The  truck  turned  over 
on  its  side  prior  to  hitting  the  bottom  of  the  em- 
bankment. 

"Five  men  righted  the  jully-loadcd  truck  ivithout 
using  any  mechanical  devices  or  levers.  Examina- 
tion oj  the  truck  after  it  was  righted  revealed  only 
very  minor  damage  to  the  body  structure.  The  prin- 
cipal damage  was  scraping  of  paint  and  one  partially 
dented  side  door  panel.  The  truck  was  returned  to 
service  immediately,  without  repairs. 


"After  one  week  of  service  in  this  condition,  the 
body  was  returned  to  our  factory  for  repairs.  Total 
repair  charges  were  only  seven  dollars. 

"We  feci  that  this  example  of  rugged  construction 
of  magnesium  bodies  and  their  ability  to  take  severe 
punishment  wotdd  be  of  interest  to  you." 

Revere  is  indeed  interested  in  this  new  proof  of 
magnesium's  strength,  but  I  find 
still  more  significant  the  fact  that 
five  men  were  able  to  right  that 
truck.  Evidently  our  whimsical 
drawing  was  not  so  impossible 
as  we  thought.  Here  is  a  case  in 
which  imagination  came  close  to 
prediction. 

Imagination  is  precious.  As 
this  incident  illustrates,  the 
"wild"  idea  of  today  may  turn 
into  an  advantageous  reality  tomorrow.  Revere 
has  no  monopoly  on  imagination;  every  worth- 
while company  uses  it  to  think  of  new  ways  to  do 
old  things,  or  new  things  to  do.  So  I  suggest  that 
no  matter  what  you  make,  nor  from  whom  you  buy 
materials  and  parts,  you  keep  an  open  mind  toward 
suppliers,  salesmen,  inventors,  and  your  own  em- 
ployees. A  good  idea  can  come  from  almost  any 
source,  and  may  make  possible  better  products  at 
lower  costs. 
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Chairman  of  the  Board 

REVERE  COPPER  AND  BRASS  INCORPORATED 

Founded  by  Paul  Revere  in  1801 

Executive  Offices: 

230  Park  Avenue,  New  York  17,  N.  Y. 
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BORG  &  BECK 

DIVISION  OF  BORG-WARNER  CORP. 

Manufacturers 

of 

Automotive  Clutches 

6558  S.  Menard  Ave.  Chicago,  III. 


Contractors 

E.  H.  MARHOEFER,  JR.  CO. 

•     CONTRACTORS 

MERCHANDISE  MART      •      CHICAGO 

Electrical    Equipment 


ELECTRICAL  WINDINGS 
INCORPORATED 

DESIGNERS  and  MANUFACTURERS  of 

ELECTRICAL  WINDINGS  AND 

SPECIALTIES 

201  5  NORTH  KOLMAR  AVENUE 
CHICAGO,  tLL. 

Tefepiione  BELmont  3360 


COMMERCIAL  LIGHTING 

EQUIPMENT 
MARINE  WIRING   DEVICES 


ti  Electrical  Mfg.  Co. 

4223-43  W.  Lake  St.,  Chicago  24,  III. 


Electrical  Fixtures 


LIGHTING  FIXTURES 

and 

ELECTRICAL  SUPPLIES 
Triangle  Electric  Co. 

600  West  Adams  Street 
Chicago 

Jack   Brmei  Tel.    HAYmarkal  626Z 


ARF 

(Continued  from  page  21) 
could,  of  course,  use  three  heads,  which 
would  permit  simultaneous  erasing,  re- 
cording and  monitoring. 

A  scanning  gap  .0007  inch  long  in 
the  magnetic  head  should  permit  a 
theoretical  upper  frequency  limit  of 
10,000  cycles.  LTnder  special  conditions 
we  have  heen  able  to  record  signals  of 
this  frequency.  At  frequencies  ahove 
2500  cycles  the  cumulative  effects  of 
gap  loss,  self  demagnetization  and 
head  misalignment,  cause  the  response 
to  fall  off.  At  the  low  frequency  end 
the  response  drops  6  dh  per  octave. 
This  characteristic  can  he  equalized  to 
give  an  overall  response  flat  to  5000  or 
6000  cycles,  which  is  considered  ade- 
quate for  amateur  work. 


then  they  are  fed  through  the  ampli- 
fier and  into  the  speaker. 

An  overall  frequency  response  curve 
for  the  16-mm  system  shows  that  it  is 
flat  within  ±3  db  from  50  to  5000 
cycles. 

At  normal  recording  levels  the  inter- 
modulation  distortion  is  about  5%. 
The  background  noise  is  35  to  40  db 
below  the  program  level,  and  there  is 
reason  to  believe  that  it  can  be  reduced 
still  further. 

The  eight  millimeter  sound  system 
operates  at  half  the  speed  of  the  sixteen 
millimeter  apparatus.  The  sound  track 
is  placed  between  the  sprockets  and 
edge  of  the  film,  and  has  the  same 
dimensions  as  on  16-mm  film.  Both 
sides  of  a  double  8-mm  film  are  coated. 
During    processing    the    pictures    are 


SPEAKER 


MICROPHONE 


PLAYBACK 
EQUALIZER 

MAGNETIC    SOUND    CIRCUITS 


A  block  diagram  (Fig.  3)  of  the  re- 
cording and  playback  circuits  indi- 
cates that  erasing  is  done  by  means 
of  a  40  kc  oscillator  when  the  switch 
is  in  position  A.  In  position  B  the 
microphone,  amplifier,  and  recording 
equalizer  are  in  the  circuit  for  record- 
ing. Some  of  the  oscillator  output  is 
also  fed  to  the  record  head  to  provide 
a  high  frequency  component.  In  posi- 
tion C  the  head  picks  up  the  magnetic 
variations  in  the  film.  These  are  first 
equalized  by  the  playback  equalizer; 


split,  and  each  portion  will  have  its 
own  track.  Finished  picture  film  can 
also  have  the  magnetic  material  put 
on,  and  in  this  way  sound  can  be  added 
to  old  films. 

In  the  eight  millimeter  system,  the 
upper  frequency  limit  of  about  2500 
cycles  gives  excellent  results  on  voice, 
the  sibilants  being  clear  and  natural. 
Quality  on  music,  while  not  as  good  as 
at  sixteen  millimeter  speed,  is  quite 
comparable  with  that  of  many  low  cost 
(Continued  on  page  52) 
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"OVIE  FILM  carriers  are  an 
excellent  example  of  using 
plastics  where  plastics  belong. 
The  film  carrier  illustrated  is 
only  one  of  many  types  made 
from  Synthane  laminated  plas- 
tics. Synthane  is  well-suited  for 
the  job  because  it  stoutly  resists 


the  corrosive  action  of  develop- 
ing solutions. 

The  teeth,  though  small,  must 
be  strong  and  accurately  in- 
dexed. They  are  easily  milled 
from  Synthane. 

Whenever  in  your  future 
work  you  have  an  application 


for  laminated  plastics,  let  us 
know  about  it  — before  you  de- 
sign, if  possible. 

Synthane's  help  includes  de- 
sign, selection  of  tlie  right  ma- 
terial, and  fabrication  by  men 
who  know  plastics.  Synthane 
Corporation,  Oaks,  Penna. 
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Engines 


"CaterpilUa^  Diesel  Engines 

and 

Electric  Generator  Sets 

Patten  Tractor 
&  Equipment  Co. 

620   S.   25th   Ave.  Bellwood,  Illinois 

Phones: 

(Chicagol    Mansfield   1860 

(Long  Distance)   Bellwood  300 


INDUSTRIAL  ERECTION  ENGINEERS 

MACHINERY  ERECTORS  AND 

MACHINERY  MAINTENANCE 

Seeley  1677 

The  Industrial  Erectors,  Inc. 

1316  W.  CERMAK  ROAD,  CHICAGO 

CHICAGO 

We   "KNOW-HOW"    and    "CAN-DO" 


Serson  Hardware 
&  Supply  Co. 

Eit.bliihed  1907 

INDUSTRIAL  SUPPLIES — SHEET 

METAL  WORK 
109-1  1 1   East  Thirty-First  Street 

Phone  Vietory        J    )!!? 


Ice  Crear 


GOLDENROD 
ICE    CREAM 

Served  exclusively 
at 

ILLINOIS  INSTITUTE 
OF   TECHNOLOGY 


fewelers 


SPIES  BROS.  INC. 

Manufacturing  Jewelers 

Loop  Office:  27  E.  Monroe 

Tel.  RANdolph  4149 

Factory:   1140  Cornelia 

Tel.    LAKevlew    7510 


(Continued  from  page  50) 

ladio  receivers.  Distortion  and  signal 
to  noise  ratio  are  about  the  same  as 
at  higher  speeds. 

Summarizing  the  advantages  of  mag- 
netic sound  for  amateur  work,  they 
are: 

1.  A  magnetic  track  can  be  added 
to  any  of  the  conventional  films  bought 
by  the  amateur. 

Equipment  for  recording  magnetic 
sound  simultaneously  with  taking  the 
picture  is  simpler  and  less  expensive 
than  with  optical  sound.  The  magnetic 
record  is  not  affected  by  photographic 
processing. 

2.  If  the  original  sound  track  is  not 
satisfactory,  any  part  or  all  of  it  may  be 
demagnetized  and  re-recorded  as  many 
times  as  necessary. 

3.  A  magnetic  track  can  be  added  to 
finished  film.  Anyone  who  has  a  li- 
brary of  silent  films  that  were  made 
in  the  past  can  send  these  out,  and  for 
a  few  dollars  have  a  magnetic  strip  put 
on.  He  can  then  record  his  own  speech 
and  music  on  such  films. 

4.  For  eight  millimeter  work,  mag- 
netic recording  gives  a  flexible  and  in- 
expensive sound  system  for  amateur 
use. 


Instruments 


SCIENTIFIC   INSTRUMENTS 

COMPARATORS 

CHRONOGRAPHS 

SPECTROSCOPES 

SPECTROMETERS 

SPECTROGRAPHS 

CATHETOMETERS 

OPTICAL  BENCHES 

INTERFEROMETERS 

DIVIDING  MACHINES 

MICROMETER  SLIDES 

READING  TELESCOPES 

MEASURING  MICROSCOPES 

TOOLMAKER  MICROSCOPES 

THE  GAERTNER  SCIENTIFIC 

CORPORATION 

1206  Wrightwood  Ave.,  Chicaeo 


CHICAGO 

KENT 


COLLEGE  of 

LAW 


Founded  1887 

Independent — Endowed — Non -Sectarian 

Afternoon  and  ETenins  Claises. 

Tel.  Dea.  (055.  CoUes*  Bldf.,  10  N.  Pranklla  St. 


BROKER  &  CONSULTANT 

Design  — 

Administration  — 

Revision  — 
of 
Pension  and  Profit-Sharing 
Systems 


Corporation  And  Personal  Life 
insurance  Programs 


Paul  A.  Hazard,  Jr.,  C.L.U. 

105  West  Adams  St. 
Chicago  3,  III. 


Member  —  Chicago   Ass'n   of    Commerce 

Life  Member  —  Million  Dollar  Round 

Table 


THE  STAR  OIL  COMPANY 


ESTABLISHED  1890 


LUBRICATING   OILS    AND    GREASES 

Telephone   Seeler  4400 


348  North  Bell  Avenue,  Chicago 


Planographing 


^/ 


UANOGRAPHi 


An  economical  reproduction  process  for  Office 
Forms,  Charts,  Diagrams,  Graphs,  Specifica- 
tions, Testimonials,  House-Organ  Magazines, 
Bulletins,  Maps  and  many  other  items. 


No  Run  Too  Long 


No  Run  Too  Short 
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Estimates  will  not  obligate  you 
in  any  way.  WRITE  OR  CALL 

Aj  CHICAGO  PLANOGRAPH  CORP. 
5wl    517  S.  JEFFERSON  ST..  CHICAGO  7 
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What    is    all    knowledge  ...  but    recorded    experience? 


Why  some  things  get  better  all  the  time 


Health,  strength  aiifl  zest  for  life— of  youngsters,  of  work- 
ers, of  all  of  us— depend  on  food.  Food  produced  by  the  mil- 
lions of  tons  yearly.  And  each  year  our  farmers  have  more 
efficient  means  to  do  their  tremendous  job. 

The  modern  farmer  has  a  tractor,  a  truck,  and  uses 
specialized  farm  tools— all  with  parts  made  increasingly  of 
alloy-toughened  steels  and  of  plastics,  for  sturdier,  more 
efficient  service.  His  milking  machine  has  parts  of  rust- 
resistant  stainless  steel.  Chemically  fortified  feeds  grow 
healthier  livestock.  New  chemical  sprays  protect  his  crops 
from  insects  and  plant  diseases.  And  improved  fertilizers 
restore  vital  elements  to  his  soil. 

From  care  of  the  life-giving  soil  to  precious  harvest,  the 
farmer's  means  for  food  production  are  steadily  improving 
. .  .  because  into  these  means  go  better  and  better  materials. 


Producing  better  materials  for  the  use  of  science  and 
industry  and  the  benefit  of  mankind  is  the  ivork  of  Union 
Carbide. 

Basic  knowledge  and  persistent  research  are  required, 
particularly  in  the  fields  of  science  and  engineering.  Work- 
ing with  extremes  of  heat  and  cold— frequently  as  high  as 
6000°  or  as  low  as  300°  below  zero,  Fahrenheit— and  with 
vacuums  and  great  pressures,  Units  of  UCC  now  separate 
or  combine  nearly  one-half  of  the  many  elements  of  the 
earth. 

Union  Carbide 

^jVJ>     CA.R£  OJV     €OJlI>  O  RA.  TTOJV 

30    EAST    42ND    STREET        [TT71 


NEW    YORK    17.    N.    Y. 


Products  of  Divisions  and  Units  include — 

LiNDE  Oxygen    ■    Prest-O-Lite  Acetylene    •    Pyrofax  Gas    •    Bakelite,  Krene,  Vinyon,  and  Vinylite  Plastics 

AcHESON  Electrodes    •    Eveready  Flashlights  and  Batteries    •    National  Carbons 

Prestone  and  Trek  Anti-Freezes    •    Electromet  Alloys  and  Metals    •    Haynes  Stellite  Alloys    •    Synthetic  Organic  Chemicals 


/\nother  Reason 

for  Norton  Leadership  . . . 


IT  WAS  an  idea  plus  the  spirit  of 
experimentation  that  led  to  the  de- 
velopment of  a  grinding  wheel  in  F.  B. 
Norton's  pottery  shop  in  1877.  That 
same  pioneering  spirit  led  to  many 
other  important  Norton  contributions  to 
industry  during  the  succeeding  70  years, 
in  1946  it  resulted  in  32  ALUNDUM 
abrasive— the  sensational  new  aluminum 
oxide  abrasive  made  by  a  unique 
electric    furnace   process. 

Today  the  Norton   research   laboratories  at  Wor- 
cester and  at  the  Chippawa  electric  furnace  plant 
occupy    75,000    square    feet   of   floor    space,    are 
equipped   with   the   most   modern    apparatus  and 
have    a    staff   of   over    135    skilled    scientists   and 
technicians.    Included   are: 
Mechanical  Engineers    Physical  Chemists 
Electrical   Engineers      Organic   Chemists 
Ceramic   Engineers        Electro-chemists 
Chemical  Engineers      Metallurgists 
Petrographers  Physicists 

The  teamwork  of  this  group  has  had  much  to  do 
in  making  Norton  the  unquestioned  leader  in 
the   abrasive   industry. 

NORTON    COMPANY 
,    Worcester  6,  Mass. 


flJIP  ' 


NORTON 


1877  — F,  B.  Norton  poN 

ented  a  new  grinding  wheal 
(emery  bonded  by  the  vit- 
rified process), 

Iwtfil  —  Grinding  wheels 
of  natural  Corundum. 

1897 


—  tndic 


oilstone. 


lytJU  — -  First  production- 
precision  grinding  machine. 

1901  -  First  monufac 

tured  aluminum  oxide 
abrasive  — AlUNDUM" 

1904-Woter-cool.d 
electric  furnace  revolution- 
ized production  of  Atun- 
dum  abrasives. 

1910—38  Alundum 
abrasive — white  aluminum 
oxide  of  exceedingly  high 
purity. 

Igl  I  —  High  temperature 
refractory   products. 

1917— Efficient  non-slip 
wear- resisting  floors. 

1921-Pulpstone   for 

grinding  pulp  wood  for 
newsprint. 

1924- Porous  diff user 

plates  for  sewage  disposal 
plants. 

1930-First  diamond 
grinding  wheels  (resinoid 
bonded). 

1930  —  Controlled  struc- 
ture method  of  grinding 
wheel  manufacture. 

1934  —  Norbide  abrasive 
and  molded  products  — 
Norton  boron  carbide, 
hardest  known  substance 
except  the  diamond. 

1935- Electrical  peri- 
clase  —  a  refractory  elec- 
trical insulator  for  heating 

1936-— First  metal  bonded 
diamond  wheels. 

1938 -Optical  resin- 
a  hard,  transparent,  water- 
white  resin. 

1942-First  vitrified 
bonded  diamond  wheels. 

1945  —  Pure  oxide  refrac- 
tories —  for  temperatures 
above  1800"  Centigrade. 
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Names  may  be  memorials.  In  science 
and  in  engineering  we  speak  of  ohms, 
volts,  amperes,  curies,  henries.  We 
have  both  a  farad  and  a  faraday.  We 
have  the  Fridell  and  Crafts  reaction, 
the  Fischer -Tropsch  synthesis,  the 
Carnot  cycle,  the  Zeuner  diagram, 
Hookes'  law,  the  Wasserman  and  Kahn 
tests,  the  Geiger  counter. 

A  great  book  is  an  explicit  memorial 
to  its  author.  A  college,  a  society,  a 
social  reform  may  be  an  overt  or  an 
implied  monument  to  its  founder  or 
perhaps  to  a  successor  who  has  de- 
veloped and  improved  upon  the  work 
of  the  founder. 

Some  of  us  cannot  hope  for  tangible, 
visible  memorials.  What  of  the  physi- 
cian, whose  work  may  be  largely  pre- 
ventive ?  Who  knows  how  many  people 
would  have  died  of  smallpox  if  Jenner 
had  not  lived?  How  can  one  evaluate 
the  work  of  an  engineer  whose  concern 
has  been  the  promotion  of  safety.  Pre- 
sumably, if  his  work  has  been  well  and 
truly  done,  he  has  saved  scores  of  lives 
and  millions  in  property,  but  it  is 
not  provaljle. 

Consider  the  teacher.  He  sees  with 
joy  the  life-work  of  his  students,  but 
he  can  never  know  how  much  of  their 
success  is  the  result  of  his  work.  As- 
suming that  he  has  the  decent  modesty 
and  the  sense  of  humor  that  a  good 
teacher  must  have,  he  will  not  consider 
that  each  competent  and  useful  grad- 
uate of  his  classes  is  a  two-legged  monu- 
ment to  his  ability  and  his  school- 
mastership. 

A  man  must  not  deliberately  be  a 
builder  of  a  monument  to  himself.  He 
may  and  should  have  satisfaction  in  a 
job  well  done,  but  his  driving  force 
should  not  be  the  desire  for  praise,  nor 
the  wish  for  elaborate  commemoration 
after  he  has  gone.  H  this  commemo- 
ration comes,  it  is  well.  If  not,  it  is  still 
well,  providing  that  the  work  is  done 
well  and  conscientiously.  The  making 
of  tombstones  is  not  ignoble,  but  who 
(other  than  a  Pharaoh)  devotes  his 
life  to  making  his  own  mausoleum? 
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Lots  of  people  like  to  play  jack  rabbit.  Still,  as  a  way  of 
going  to  work  every  morning,  we  don't  see  much  of  a 
future  for  Pogo  Sticks.  Not  even  aluminum  Pogo  Sticks. 

But  mention  any  other  means  of  locomotion  or  trans- 
portation and  our  aluminum  "Imagineers"  get  a  gleam 
in  their  eyes.  After  all,  what  is  more  logical  than 
vehicles  made  of  aluminum?  Less  weight  to  move. 
More  payload. 

We  turned  our  imagination  loose  on  that  idea  years 
ago  .  .  .  then  engineered  our  thinking  into  trains,  trucks, 
planes,  ships.  Alcoa's  Development  Division  has  a  staff 
of  "Imagineers"  who  think  of  nothing  else  but  better 


ways  to  transport  people,  products,  and  materials  by 
using  aluminum.  Actually,  we  have  four  separate  staffs 
of  transportation  engineers,  one  each  on  railroads,  high- 
way vehicles,  ships  and  aircraft. 

Whatever  you  do  after  college,  you'll  benefit  from 
that.  If  you  go  into  transportation,  these  Alcoa  engi- 
neers will  be  working  with  you  to  cut  costs,  speed 
schedules,  improve  facilities.  Or  if  you  choose  some 
field  of  production,  they'll  be  helping  to  transport 
your  materials  and  finished  goods  cheaper  and  faster. 
Aluminum  Company  of  America,  Gulf  Building, 
Pittsburgh  19,  Pennsylvania. 


Possenger  streamliners,  refriger- 
ator cars,  hopper  cars  and  tank 
cars  built  of  Alcoa  Aluminum  are 
serving   American  railroads. 


Alcoa  Aluminum  is  finding  more 
and  more  uses  in  buses,  trucks 
and  trailers.  Yes,  in  passenger 
cor  manufacture,  too. 
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Newest  thing  in  shipbuilding  is 
the  aluminum  superstructure,  de- 
veloped by  Alcoa  with  marine 
architects   and    engineers. 


Ever  since  Kitty  Hawk,  Alcoa  has 
worked  with  the  aircraft  indus- 
try in  developing  better  alumi- 
num for  better  planes. 


FIRST    IN    ALUMINUM 
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CAMBRIDGE 


INDUSTRIAL 
MODBi 


pH  METERS 

^      line-operated  —  accurate! 

The  three  models  illustrated  above  incorporate  many  new  ond 
important  advantages.  All  are  AC  line-operated  ...  no  battery 
nuisance.  Laboratory  and  Research  models  use  electron-ray  tube  for 
precise  null-point  indication.  Industriol  model  is  a  direct-reading 
instrument,   ruggedly   built   for   plant   use. 

Accuracy:  Reseorch  .02  pH,  laboratory  .05  pH,  Industrial  .10  pH.  Other 
line-operated  Cambridge  pH  equipment  includes  single-  ond  multi- 
point   indicators   and   recorders.     Send    for   bulletin   910-MR. 

CAMBRIDGE  INSTRUMENT  COMPANY,  INC. 


3756   Grand   Central   Terminol,   Ne 
Pioneer     Monufoctur 


York   17,   N.   Y. 
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Harvey  Curtis  Webster,  on  leave 
from  his  position  as  head  of  the  English 
department  at  Fisk  University,  is  visiting 
lecturer  in  English  literature  at  Illinois 
Tech  for  the  year.  He  has  taught  at  the 
University  of  Michigan,  Colorado  State 
College,  and  the  University  of  Louisville 
and  has  contributed  critical  articles, 
potems,  and  reviews  to  such  publications 
as  Poefry,  The  Netv  Republic,  The  Sc- 
wanee  Review,  the  Chicago  Sitn  Book- 
Week,  and  the  Louisville  Courier-Journal. 
His  most  recent  piece  of  writing  was  a 
fifteen  thousand  word  article  on  American 
literature  of  the  past  ten  years  for  the 
Encyclopaedia  Britannica  supplement.  Ten 
Eventful  Years.  The  University  of  Chi- 
cago Press  will  publish  his  book.  Hardy  as. 
Thinker,  in  the  fall. 


Edwin  R.  Whitehead,  Research  Pro- 
fessor of  Electrical  Engineering  at  the  In- 
stitute and  Consultant  in  Electrical  En- 
gineering to  the  Armour  Research  Foun- 
dation, received  his  B.S.  degree  at  the  Uni- 
versity of  Colorado  and  the  M.S.  and  Ph.D. 
degrees  at  the  University  of  Pittsburgh. 
He  has  had  extended  experience  in  re- 
search and  teaching.  While  with  the  West- 
inghouse  Electric  Corporation,  he  obtained 
data  substantiating  the  late  Dr.  C.  L.  For- 
tescue's  "direct  stroke"  theory  of  light- 
ning effects  on  high  voltage  transmission 
lines.  Dr.  Whitehead  is  a  Fellow  of  the 
American  Institute  of  Electrical  Engi- 
neers, serving  actively  on  its  technical 
committees.  He  is  also  a  member  of  Tau 
Beta  Pi,  Eta  Kappa  Nu,  and  Sigma  Xi 
honorary  fraternities. 


E.  Clark  Woodward  is  a  native  of 
Chicago  who  engaged  in  personnel  and 
accident  prevention  work  for  ten  years 
prior  to  World  War  II.  At  the  outbreak 
of  hostilities,  he  became  associated  with 
the  war  training  activities  of  Illinois  In- 
stitute of  Technology  as  director  of  safety 
training.  After  the  war,  he  was  associated 
with  the  Greater  Chicago  Safety  Council, 
and  recently  joined  the  administrative  per- 
sonnel staff  of  the  O.  A.  Smith  Corpora- 
tion, Milwaukee,  Wisconsin.  He  has  writ- 
ten numerous  articles  for  publications  in 
the  accident  prevention  field,  has  spoken 
on  safety  to  many  audiences,  and  is  at 
present  the  general  chairman  of  the  Na- 
tional Safety  Council's  Power  Press  Sec- 
tion. He  is  a  member  of  the  American 
Society  of  Safety  Engineers  and  of  various 
other  safety  associations. 
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"  A  TTENTION,  passengers!  Fasten  your 
jt\_  seat  belts,  please!" 
The  stewardess  stood  calmly  at  the  head 
of  the  cabin.  "Because  of  adverse  flight 
conditions,  we  are  landing  at  Newark 
Airport  instead  of  LaGuardia." 
Up  in  the  nose  of  the  plane,  the  pilot 
squinted  through  heavy  fog.  Slowly  he 
pushed  the  wheel  forward  and  the  plane 
headed  down  into  the  pea  soup. 
Then  he  saw  them.  Tiny  pinpoints  of 
clear  light,  glinting  through  the  thick 
haze.  He  guided  the  plane  down  between 
the  rows  of  lights  and  in  a  matter  of 
seconds  it  was  safely  on  the  ground. 
Flying  in  pea  soup  is  never  easy.  But  the 
worst  part  of  it  used  to  be  landing  in  a 
blinding  glare  barrage  caused  by  the 
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runway  markers  lighting  up  the  fog. 
During  the  war  a  leading  manufacturer 
of  airport  lighting  asked  Corning  to  help 
them  design  a  new  runway  light  that 
could  penetrate  any  kind  of  weather 
without  glare.  The  result  was  an  intricate 
lamp  globe  which  controls  the  beam  so 
the  pilot  sees  the  light  but  not  the  halo. 
Corning  research  has  helped  aviation  in 
many  other  ways.  Newark's  big  Bartow 
air  beacon  was  made  from  five  special 
glass  lenses  at  Corning.  "Black  Light" 
lamps  and  housings  that  cause  aircraft 
instrument  panels  to  glow  softly  at  night 
are  all  made  of  Corning  glass,  as  are 
the  little  glass  jewels  in  the  instru- 
ments themselves.Wingtip  lights  and 
radio  tubes  are  two  more  examples. 


Altogether  we  have  over  50,000  different 
glass  formulae.  Maybe  one  of  them  will 
come  to  your  rescue  when  you're  stewing 
over  some  problem  in  your  new  job. 
Make  a  note  now  to  keep  Corning  in 
mind  after  graduation.  Corning  Glass 
Works,  Corning,  New  York. 
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Research  in  Glass 
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GASES 

(Continued  from   page  9) 

nitrogen.  The  temperature  is  around 
minus  300  cleg.  F.  Tliis  makes  it  prac- 
tical to  produce  a  shrinkage  of  about 
two  thousandths  of  an  inch  per  inch 
of  diameter  with  speed,  economy,  and 
elimination  of  cumbersome  refrigera- 
tion equipment.  The  cooling  apjiaratus 
is  portable  so  it  may  be  fitted  into 
assembly  line  production.  Liquid  oxy- 
gen was  formerly  used  for  this  purpose, 
but  now  it  has  largely  been  replaced 
by  liquid  nitrogen.  Parts  may  be  cooled 
either  by  direct  immersion  in  the 
liquid  or  by  indirect  cooling  from  the 
cold  gas  evolved.  The  gaseous  nitrogen 
evolved  not  only  cools  the  part  but  also 
completely  dries  it  so  that  no  frost 
forms  on  the  parts  as  they  dre  being 
cooled. 

In  the  metallurgical  field,  nitrogen, 
either  alone  or  with  a  small  content  of 
hydrogen,  is  being  used  for  "bright 
annealing"  of  wire  and  certain  metal 
parts  where  the  slightest  trace  of  cor- 
rosion would  be  detrimental. 

RARE  GASES 

The  so-called  rare  gases  which  total 
less  than  one  per  cent  of  the  atmos- 
phere are  chemically  inert.  Over  nine- 
tenths  of  this  one  per  cent  is  argon. 
All  these  rare  gases  are  commercially 
available  spectroscopically  pure  in 
small  glass  containers.  Argon  is  also 
compressed  into  cylinders  similar  to 
those  used  for  nitrogen  and  oxygen. 
Helium  in  a  less  pure  form  is  also  avail- 
able for  industry  and  medicinal  use. 

Spectroscopically  pure  argon,  neon, 
helium,  krypton,  and  xenon  find  their 
greatest  use  in  the  so-called  neon  or 
luminous  signs  and  in  the  manufacture 
of  a  large  variety  of  tubes  used  in 
electronics.  Selection  of  a  gas  mixture 
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for  a  particular  use  involves  careful' 
consideration  and  balancing  of  the 
physical  properties  and  proportions 
of  these  gases  to  give  the  proper  color 
of  light,  conductivity,  and  wave  length. 
Argon  in  larger  quantities  is  used 
for  filling  incandescent  lamp  bulbs  be- 
cause its  chemical  inertness  prevents 
the  tungsten  filaments  from  being  con- 
sumed. Argon  has  been  substituted  for 
nitrogen  for  this  purpose  and  adds 
about  twenty  per  cent  to  the  efficiency. 

In  the  fluorescent  lamp  of  the  hot- 
cathode  type,  the  usual  filling  pressure 
is  so  very  far  below  atmospheric  pres- 
sure (about  four  millimeters  of  mer- 
cury) that  a  surprising  volume  of 
fluorescent  lamp  tubing  can  be  filled 
from  a  single  liter  of  gas.  Argon  and 
some  of  the  other  rare  gases  can  also 
provide  inert  atmosphere  in  certain 
highly  technical  metallurgical  work 
where  both  oxygen  and  nitrogen  must 
be  excluded. 

A  wartime-developed  method  of 
welding,  particularly  useful  for  alloy 
steels  and  non-ferrous  metals,  uses  im- 
portant quantities  of  compressed 
argon.  Electric  welding  ordinarily  re- 
quires no  cylinder  of  compressed  gas. 
In  this  welding  process — known  as 
inert-gas-shielded-arc  welding —  a 
stream  of  a  monatomic  inert  gas,  usual- 
ly argon,  surrounds  a  tungsten  elec- 
trode and  keeps  the  air  from  contact 
with  the  molten  metal.  The  process  is 
widely  used  for  welding  the  oxidation- 
resistant  metals  and  alloys  including 
stainless  steel,  aluminum,  magnesium, 
Inconel,  Monel,  and  Everdur.  A  par- 
ticular advantage  is  that  no  flux  is  re- 
quired so  that  weld  cleaning  and 
finishing  is  greatly  simplified. 

OTHER  GASES 

Space  does  not  permit  even  limited 
description  of  the  utility  of  a  variety 
of  other  valuable  and  widely  used 
gases.  This  group  includes  ammonia; 
liquefied  petroleum  gases;  carbon  di- 
oxide; chlorine;  the  anaesthetic  gases 
(cyclopropane,  ethylene,  nitrous  ox- 
ide); refrigerant  and  fumigant  gases. 
All  of  these  are  important  and  the  use 
of  these  more  complex  gases  is  grow- 
ing daily. 
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REPUBLIC      VALVES        REPUBLIC 


REGULATING- PRESSURE  REDUCING -SHUTOFF 


CYLINDER  OPERATED 

Republic  cylinder  operated  valves  are 
of  the  gradual  opening,  high  lift,  double 
seated  type.  They  are  hydraulicly  oper- 
ated to  assure  smooth  performance  at 
any  speed  regardless  of  size,  static  press- 
sure  or  pressure  reduction.  These  valves 
are  available  in  sizes  from  3"  to  24", 
with  or  without  hand  operating  wheel. 
Due  to  compaa  design,  a  regulator  may 
be  mounted  directly  on  the  valve. 

HAND  OPERATED 

Republic  hand  operated  valves,  in  sizes 
from  1"  to  8",  are  built  to  900  lb.  and 
1500  lb.  pressure  standards.  Sizes  up  to 
2"  are  also  available  for  600  lb.  pressure. 
They  are  of  the  single  seated  type,  have 
a  one  piece  valve  stem,  and  seat  rings 
that  areStellite  surfaced.  On  the  larger 
sizes  the  gear  reduction  head  is  built 
with  ball  or  roller  bearings  and  pre- 
cision ground  gears  for  minimum  fric- 
tion and  back  lash. 


For  your  key  jobs,  where  valves  must  not 
fail-where  they  must  continuously  and 
accurately  regulate  the  pressures  and 
flows  of  steam  and  water  »"  which  other 
vital  processes  depend -Republic  valves 
give  you  the  dependability  you  need. 

Let  a  Republic  Engineer  consult  with  you 
on  your  specific  pressure  and  flow  regu- 
lating problems. 


LEVER  OPERATED 

Republic  double  seated  lever  operated 
valves  are  available  in  sizes  from  3"  to 
16"  for  low  pressure  applications  and  in 
sizes  up  to  6"  for  1500  lb.  applications. 
They  are  ideal  for  air  actuation  with 
long  stroke  cylinders.  The  lever  mech- 
anism is  of  sturdy  construction  capable 
of  taking  full  strain  of  power  cylinder. 

Single  seated  lever  operated  valves  are 
available  in  sizes  up  to  1"  and  for  pres- 
sure up  to  1500  lb.  standard.  The  sturdy 
lever  mechanism  is  adjustable  for  lift. 

BUTTERFLY  VALVES 

Republic  butterfly  valves  can  be  sup- 
plied in  cast  iron  or  steel  for  pressures 
up  to  300  lbs.  Vanes  can  be  supplied 
of  the  angle  seating  or  swing  through 
types.  The  shaft  can  be  mounted  on 
ball  or  plain  bearings  as  required.  A 
valve  operator  may  be  mounted  direct- 
ly on  valves  of  6"  size  and  over. 


Republic  12  in.  cylinder  operated 


Republic  2  in.  lever  operated  valve 


Republic  6  in.  hand  operated  valve 


REPUBLIC     FLOW    METERS     CO 

2240  Diversey  Parkway,  Chicago  47,  Illinois 
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ROCKET 

(Continued  from  page  32) 

apparent  wave  length  of  atmos  ap- 
proaching is  recorded  through  the 
other.  Comparison  with  radiation 
from  a  stationary  source  provides 
measurement  of  the  speed  of  the 
atoms  and  consequently  the  speed  of 
the  rocket  blast. 

So  small  is  the  variation  in  wave 
length.  Dr.  Bundy  said,  that  a  spectro- 
scope, normally  used  in  wave  length 
measurement,  cannot  detect  the  dif- 
ference. Instead,  a  delicate  device 
utilizing  mirrored  quartz  plates, 
ground  and  polished  close  to  perfec- 
tion, transforms  the  wave  lengths  into 
concentric  circles  on  photographic 
film. 

At  present,  electronic  devices  are 
used  to  record  thrust  during  test  fir- 
ings on  the  ground.  The  average  ve- 
locity of  the  flame  gases  can  he  cal- 
culated from  the  thrust,  and  the  speed 
and  range  of  the  rocket  during  flight 
can  thus  he  estimated.  Dr.  Bundy's 
measurements  will  be  used  as  a  check 
against  the  electronic  tests  and  for 
more  detailed  studies  of  the  jet  char- 
acteristics. 


Astronomers  in  the  past  have  taken 
the  temperature  of  comets'  tails  by  the 
method  adapted  by  Dr.  Strong  to 
measure  the  heat  of  rocket  gases.  In 
this  test  the  light  of  the  rocket  flame 
is  transformed  into  a  spectrum  by 
means  of  lenses  and  prisms.  One  por- 
tion of  the  spectrum  is  emitted  by 
hydro-carbon  molecules. 

The  energy  released  by  the  mole- 
cules is  recorded  on  a  special  photo- 
graphic plate,  which,  after  develop- 
ment, is  scanned  by  an  intricate  photo- 
electric device  known  as  a  micro- 
densitometer  wliich  again  records  its 
findings  in  the  form  of  a  graph.  Cor- 
rect interpretation  of  the  graph  gives 
the  temperature  of  the  rocket  exhaust, 
which,  in  rockets  like  the  V-2  is  ap- 
proximately 3500°  Fahrenheit.  The 
same  devices  could  be  used  to  measure 
temperatures  up  to  the  point  of  dis- 
integration of  the  molecules. 

The  average  temperature  of  the 
rocket  motor  exhaust,  like  the  average 
velocity,  can  be  calculated  from  other 
data.  Dr.  Strong's  measurements  will 
constitute  important  check  on  these 
calculations  and  will  make  possible 
more  detailed  investigation. 


Process   Machinery 


F.  M.  deBeers  &  Associates 

20  N.  Wacker  Drive  Rand.  2326 

CHEMICAL  ENGINEERS 

Representing  —  well  known,  successful,  fully 
qualified  builders  of   modern,  efficient 

Process  Machinery  and  Equipment 

•  MULTIPLE    effect   evaporators — all    types. 

•  F.C.  CONCENTRATORS — for  high  den- 
sity work. 

•  FILTERS — Vallez  Pressure  Units — contin- 
uous pressure  type — all  styles  rotary  vac. 
dnun  filters. 

•  SPIRAL,  plate-type,  counter-flow  heat  ex- 
changers. 

•  CENTRIFUGALS  —  perforate  and  solid 
baskets — any  metal.  Centroid  speed  con- 
trol. 

•  MULTI-STAGE  VACUUM  UNITS  —  for 
vac.  cooling — vac.  refrigeration.  Steam  jet 
equipment — condensers. 

•  CHEMICAL  STONEWARE  —  Mid-West- 
em    representatives    General    Ceramics    Co. 


WALLACE  DON 

HAMILTON    BROS. 
Real    Estate 

CHESTER  CHARLES 


Screw  Machine  Products 


B 
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crew 
lHachine  Products 

Clean  preciiion  work 

made  exact  to  tpecificationa. 

Capacity   1/16"  to  2%". 

C  A.  Knuepfer  '16  W.J.  Tarrant,  '88 

President  Vice-President 

general  ^ngineeringWorks 

4707  W.  Division  Street  ■  Chicago,  5/ 

Telephone   Mansfield   2866 


Solders  and  Babbitts 


CHICAGO      •      ILLINOIS 

FOR  QUALITY 

Solders,  Babbitts 

CASTING  WHITE  METAL 

ALLOYS 


BOOKS 

(Continued  from  page  24) 

Johnson,  WendelL  People  in  Quan- 
daries. 
Josephson,  Matthew.  Stendahl.  T  N 
Loeb,  Harold.  Full  Production  W  ith- 

out  War. 
MacDonald,    Betty.   The   Egg   and   I. 

T  BBS. 
Malaparte,  Ciirzio.  Kaputt.  CS. 
Mason,  A.  T.  Brandeis.  A  Free  Mans 

Life.  CS  N 
Mezzrow,  Mess.  Really  the  Blues.  CS 
Nehru,  JawahrarlaL  The  Discovery  of 

India.  N  CT 
Northrop,  F.  S.  C.  The  Meeting  of  East 

and  West.  CS  T  N  CT 
O'Casey,  Sean.  Drums  Under  the  W  in- 

dows.  T  N 
O'Neill,  Eugene.  The  Iceman  Cometh. 

CT 
Orwell,    George.    Dickens.    Dali    and 

Others.  N  T  Atiimal  Farm.  T  N  CT 
The  Partisan  Reader.  Edited  by  Wil-  . 

Ham  Phillips  and  Philip  Rahv.  N  CT  i 
Pearson.  Hesketh.  Oscar  Wilde:   His 

Life  and  Wit.  N  T 
Perkins,    Frances.    The    Roosevelt    I 

Knew.  T  N  CT 
Pope-Hennessy,  Una.  Charles  Dickens. 

TN 
Schorer,  Mark.   William  Blake:   The 

Politics  of  Vision.  N 
Sheean,  Vincent.  This  House  Against 

This  House. 
Simmons,  Ernest  J.  Leo  Tolstoy.  T  N 

CT 
Silone,  Ignazio.  And  He  Hid  Himself. 
Sitwell,  Osbert.  The  Scarlet  Tree.  CS  T 
Spender,  Stephen.  European  W  itness 

N 
Stein,  Gertrude.  Brewsie  and  W  illie. 

CT 
Trotsky,  Leon.  Stalin. 
Troy  at,  Henry.  Firebrand:   The  Life 

of  Dostoevsky.  N 
Zweig,  Stefan.  Balzac.  N  T 
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ILLINOIS  TECH   ENGINEER 


Be  a  better  engineer- 


7/M^^ 


A  thorough  understanding  of  the  design 
and  application  of  Timken  Tapered  Roller 
Bearings  will  enable  you  to  solve  at  least  90% 
of  the  bearing  problems  you  are  ever  likely  to 
encounter  when  you  begin  your  engineering 
career  after  graduation. 

When  primitive  man  first  made  a  hole  in  a 
crude  wooden  wheel  and  slipped  it  over  a 
wooden  axle  he  achieved  the  first  function  of 
a  bearing  —  support. 

Support  for  wheels,  shafts,  gears  and  other 
rotating  parts  still  is  the  primary  purpose  of 
bearings,  but  several  other  vital  bearing  re- 
quirements are  needed  in  modern  equipment. 

Ability  to  carry  radial  loads,  thrust  loads  or 
both  together  in  any  combination  is  one  of  the 
most  important  of  these.  Ability  to  hold  mov- 
ing parts  permanently  in  alignment  is  another. 
Then  of  course  there  is  the  reduction  of  friction, 
although  this  quality  is  common,  in  varying 
degrees,  to  all  anti-friction  bearings. 

The  tapered  roller  bearing  was  introduced  by 
The  Timken  Roller  Bearing  Company  nearly 
50  years  ago  and  today  is  universally  used 
throughout  industry  and  transportation.  Every 
genuine  Timken  Bearing  is  unmistakably  iden- 
tified by  the  trade-mark  "TIMKEN"  stamped 
on  cup  and  cone. 


TIMKEN 

up£R£i  To'lUr  'bearimgs 


THE     TIMKEN     ROLLER     BEARING     COMPANY,     CANTON     6,     OHIO 


fdHHTICS. 

With  the  Basehall  Players 
in  the  Big  Leagues 

CHESTERFIELD 

is  a  Bi^  Favorite 


AiwAi^iiTlyHESTERFIELD 

RIGHT  COMBINATION  •  WORLD'S  BEST  TOBACCOS  •  PROPERLY  AGED    ' 


Copyrighi  I9a7,  LioGtrr  &  MvtRS  Tobacco  Co 


